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1.0  INTRODUCTION 


Surface  Acoustic  Wave  (SAW)  devices  are  extremely  useful  in  a  wide 
variety  of  current  applications,  for  example,  Command,  Control  and  Communi¬ 
cations.  In  particular,  SAW  Bandpass  Filters  offer  the  advantages  of  small 
size  and  weight,  low  cost  and  high  reproducibility,  and  are  easily  produced 
and  used  in  the  VHP  and  UHF  frequency  ranges  where  other  types  of  filters  are 
most  limited. 

RAOC  is  currently  pursuing  a  program  on  the  design,  analysis,  fabrication 
and  testing  of  SAW  filters.  In  direct  support  of  this  program.  Analysis  & 
Computer  Systems,  Inc.  (ACSI)  has  developed  a  computer  system  for  the  analysis 
and  fabrication  of  SAW  devices. 

This  system  provides  the  interface  between  existing  RADC  analytical  tools 
and  recently  developed  analytical  programs,  and  also  plots  of  the  devices, 
which  can  be  used  for  verifying  the  correctness  of  the  data.  In  addition,  the 
system  also  produces  magnetic  and  paper  tapes  utilized  for  the  fabrication  of 
these  devices  directly  from  the  data  used  in  the  analysis.  This  eliminates 
many  errors  in  fabrication  which  have  occurred  in  the  past. 

The  programs  and  procedures  described  in  the  following  sections  present 
the  analysis  and  methodology  implemented  in  support  of  these  R&D  efforts.  The 
function  of  each  computer  program,  its  role  in  the  computer  system  and  the 
utilization  of  each  in  support  of  the  data  flow  is  discussed.  The  techniques 
to  be  followed  to  implement  the  various  functions,  the  input  required  to  uti¬ 
lize  each  program  and  the  procedures  to  be  followed  by  the  user  to  efficiently 
utilize  the  system  are  also  discussed. 

The  programs  described,  although  performing  independent  functions,  have 
been  designed  to  form  a  basic  computer  system  in  order  to  provide  system 
flexibility  and  fulfill  the  goals  of  the  research  performed.  Detailed  error 
checking  and  evaluation  are  performed  at  strategic  processing  steps  in  order 
to  ensure  system  integrity  and  provide  efficient  operational  capability. 


9 


2.0 


DESCRIBING  SAW  DEVICES 


2 . 1  Introduction 

There  are  several  existing  input  formats  available  to  the  design 
engineer  for  describing  a  SAW  device,  among  which  are  the  RADC  Standard 
Format,  the  RADC  Coded  Format  and  the  Raytheon  Format.  The  two  RADC 
formats  specify  the  physical  characteristics  of  a  device,  in  a  parti¬ 
cularly  simple  form.  They  are  also  useful  in  a  wide  variety  of  design 
and  analysis  programs. 

Other  efforts  by  the  Raytheon  Research  Division  resulted  in 
several  programs  (e.g.  C0MBS3A,  MATCH3)  for  the  analysis  of  SAW  devices 
using  an  equivalent  circuit  model.  These  programs  are  high,  useful  to 
the  SAW  device  designer,  particularly  in  the  analysis  of  s  and  order 
effects  (e.g.  triple  transit  echo,  reflection,  etc.).  This  Raytheon 
model  described  the  SAW  device  using  a  coordinate  system. 

The  Raytheon  format,  although  not  particularly  suited  to  the 
general  needs  of  the  SAW  device  engineer,  is  far  more  convenient  from  a 
programmers  point  of  view.  For  this  reason  subsequent  programs  written 
by  ACSI  for  device  plotting  and  fabrication  also  use  the  Raytheon  for¬ 
mat.  Thus  the  need  exists  for  an  interface  between  the  RADC  and 
Raytheon  formats.  This  need  is  addressed  by  program  CONVERT,  which  is 
capable  of  converting  either  of  the  RADC  formats  to  the  Raytheon  format. 

2.2  Device  Specifications 

A  SAW  device  of  the  type  to  be  treated  here  is  comprised  of  from 
one  to  sixteen  combs  (usually  two).  To  describe  a  SAW  device,  one  must 
describe  each  comb  in  the  device. 

In  describing  a  comb,  a  device  engineer  must  specify  the  following 
parameters  for  each  comb  in  the  device. 

1.  Width  of  Pads  (Assumption:  Both  Pads  within  a  comb  are  the 

same  width) . 

2.  Vertical  distances  between  the  pads  of  each  comb. 

3.  Width  of  fingers. 

4.  For  each  finger: 

A.  Whether  the  finger  starts  from  the  bottom  or  top  Pad. 

B.  Length  of  finger. 

C.  Relative  distance  of  left  edge  of  Finger  from  left 
edge  of  first  finger  (See  Figures  2.1,  2.2). 
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5.  The  length  of  the  Pads.  Both  Pads  of  a  particular  comb  are 
always  the  same  length.  In  the  usual  case  the  length  of  a 
Pad  is  calculated  by  taking  the  maximum  of: 

A.  Width  of  the  Pad. 

B.  Distance  from  left  edge  of  the  leftmost  finger  to  the 
right  edge  of  the  rightmost  finger. 


♦Throughout  this  report  "Pad"  and  "Bus  Bar"  have  the  same  meaning. 
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1 :  W  IDTH 
OK  PADS 


2:  VERTICAL 
DISTANCE 
BETWEEN 
PADS 


Length  oC  Pad  is  the  Distance  from  left  edge 
of  leftmost  finger  to  right  edge  of  rightmost 
finger.  Also  given  are  some  examples  of  Device 
Specification  as  described  in  Section  2.2 
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Figure  2.2:  Pad  Length  equal  to  Pad  Width. 

Fingers  are  centered  horizontally 
on  Pad.  (i.e.  X  =  Y) 
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3.0  PROORAM  CONVERT 


3.1  Introduction 


There  are  currently  two  main  formats  that  RADC  device  engineers 
use  to  describe  a  SAW  device;  the  RADC  Standard  Format,  and  the  RADC 
Coded  Format.  Each  of  these  two  main  formats  have  many  variations  and 
options.  The  purpose  of  these  formats  is  to  allow  the  device  engineer 
to  utilize  a  format  that  will  closely  parallel  one's  thought  proces¬ 
ses.  The  device  engineer  does  not  ordinarily  think  of  a  transducer  in 
terms  of  a  coordinate  system.  From  a  programmer's  point  of  view, 
however,  a  coordinate  system  is  very  convenient.  To  develop  programs 
to  interpret  and  process  the  many  RADC  format  variations,  would  be 
cumbersome  and  inefficient.  Hence,  program  CONVERT  was  developed  to 
allow  the  device  engineer  to  utilize  a  familiar  representative  input 
format  and  still  provide  for  efficient  computer  oriented  implementation. 

Program  CONVERT  accepts,  as  input,  any  of  the  many  RADC  format 
variations  and  produces  a  single  standardized  coordinate  type  output 
format,  developed  by  Raytheon. 

3.2  Input 


Input  to  program  CONVERT  consists  of  the  namelist  $C0NVERT  and  a 
set  of  cards  for  each  comb  in  the  device  (maximum  of  five).  The  set  of 
cards  used  to  describe  each  comb  may  be  any  one  of  seven  possible  for¬ 
mats.  They  ave: 


A)  Ho[N]  deck  followed  by  ACT(M]  deck 

B)  Ho[n]  deck  alone 

C)  ACT[M]  deck  alone 

D)  Ho[NTAP]  deck  followed  by  TCA[NTAP] 


(RADC  Standard  Format) 
(RADC  Standard  Format) 
(RADC  Standard  Format) 


deck 

E)  HolNTAP]  deck  alone 

F)  TCA[NTAP]  deck  alone 

6)  The  Null  Set  (No  Decks) 


(RADC  Coded  Format) 
(RADC  Coded  Format) 
(RADC  Coded  Format) 
(RADC  Coded  Format) 


Each  comb  need  not  be  described  by  the  same  format;  for  example, 
in  a  three  comb  device  the  first  comb  might  use  Format  A,  the  second 
comb  Format  D  and  the  third  comb  Format  G. 


Details  of  these  formats  are  described  in  the  following  sections. 


3.3  Output 


Output  of  program  CONVERT  consists  of  printed  output,  TAPE28 


TAPE29,  and  TAPE9  which  contains  a  description  of  the  device  in  the 
Raytheon  format. 

Details  are  presented  in  following  sections. 

3.4  The  RADC  Standard  Format 


The  RADC  standard  format  consists  of  a  $CONVERT  namelist  followed 
by  one  or  two  decks  for  each  comb  in  the  device.  The  first  deck  is 
referred  to  as  the  Ho[N]  deck  (pronounced:  H  zero  of  N  deck);  the 
second  deck  is  referred  to  as  the  ACT(M]  deck. 

The  Ho[N]  deck  consists  of  a  title  card  and  a  card  for  each  gap 
between  single  electrodes,  or  in  the  case  of  a  comb  using  double 
electrode  pairs,  it  consists  of  one  card  for  each  gap  between  double 
electrode  pairs.  No  cards  are  required  for  the  gaps  between  fingers  of 
double  electrode  pairs. 

Each  card  following  the  title  card  consists  of  the  number,  N,  (an 
integer)  of  the  gap  and  Ho[n]*,  (real)  the  amount  of  element**  overlap 
at  that  gap.  The  inter-element  gaps  on  the  combs  can  be  numbered  from 
left  to  right,  or  from  right  to  left,  the  restrictions  being: 

A)  They  must  be  numbered  consecutively. 

B)  One  of  the  gaps  must  be  labeled  gap  zero. 

C)  The  zero' th  gap  should  contain  the  longest  element  overlap. 
Other  gaps  may  have  equal  element  overlap,  but  none  should  have 
more. 


*  The  nomenclature  used  here  is  dual  in  nature.  In  general  Ho  [N  ] 
refers  to  the  whole  deck  of  cards  described  above.  However,  Ho[N]  can 
also  refer  to  the  specific  element  overlaps  of  the  gaps.  Examples  of 
both  meanings  follow: 

A)  I  dropped  an  Ho[N]  deck  on  the  floor. 

B)  The  Ho[N]  value  for  the  fifth  gap  equals  .584  (i.e.  Ho[5]  * 

.584,  or  the  fifth  gap  has  an  element  overlap  of  .584). 

**The  nomenclature  used  in  describing  transducers  is  as  follows.  The 
word  "element"  is  a  general  term  that  can  refer  to  either  a  single 
fingered  electrode  or  a  double  fingered  electrode.  "Double  electrode" 
or  "double  electrode  pair"  refers  to  an  element  that  has  two  fingers. 

"Single  electrode"  refers  to  an  element  that  has  one  finger. 

The  word  "electrode"  alone  usually  refers  to  a  single  fingered 
electrode,  but  can  sometimes  refer  to  a  double  electrode  pair. 

The  words  "finger"  and  "single  electrode"  can  sometimes  be  used 
i n  terchangeabl y . 
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From  these  conditions  it  is  easy  to  see  that  some  of  the  gaps  must 
be  numbered  negatively.  The  gap  numbered  most  negatively  is  called  the 
minus  'NMIN'th  gap,  (pronounced:  Minus  N  minth  gap).  The  number  NMIN 
is  always  positive.  The  gap  labeled  with  the  highest  positive  number 
is  called  the  NMAX'th  gap.  The  number  NMAX  is  always  positive  (see 
Figures  3.1,  3.2,  3.3,  3.4). 

When  a  comb  has  more  than  one  gap  with  maximum  overlap  (often  all 
the  overlaps  are  equal),  then  it  is  up  to  the  program  user  to  decide 
which  gap  he  wants  to  label  zero.  The  overlap  value  on  the  card  for 
the  zero'th  gap  should  always  be  1.  The  other  element  overlap  values 
are  scaled  accordingly.  The  actual  overlap  of  the  zero'th  gap  is  de¬ 
fined  by  the  variable  "OVALAP"  in  the  $CONVERT  namelist.  Thus,  the 
actual  length  of  the  element  overlap  for  any  gap,  N,  is  simply  (OVALAP) 
(Ho[N]). 

The  format  of  the  Ho(N]  title  card  is  8A10;  the  format  of  the 
cards  following  the  title  card  is  (15,  E15.8). 

3.4.1  Negative  Ho[W]  Values,  Zero  Ho[n]  Values  and  Almost  Zero 
HofNI  Values 

Ho[N]  may  range  from  values  of  negative  one  to  values  of  positive 
one.  Immediately  the  question  comes  to  mind,  "What  is  a  negative 
element  overlap?" 

Physically  there  is  no  such  thing  as  a  negative  element  overlap, 
but  mathematically  the  sign  of  the  Ho(N]  values  change  every  time  a 
zero  overlap  value  occurs.  That  is,  if  Ho[N]  “  0,  then  the  signs  of 
Ho[N-l]  and  Ho[N+l]  will  be  opposite. 

Now  the  question  may  be  asked  "What  is  a  zero  element  overlap?" 

A  zero  element  overlap  is  not  two  elements  on  opposite  bus  bars 
that  do  not  overlap  (Figure  3.8),  but  rather  two  elements  of  the  same 
length  on  the  same  bus  bar  (Figure  3.9).  A  change  of  sign  cannot  occur 
without  a  zero  gap. 

If  a  change  of  sign  does  occur  in  an  Ho[N]  deck  without  a  zero 
Ho[N]  value  included,  the  program  will  automatically  change  one  of  the 
two  Ho[N]  values  involved  in  the  change  of  sign  to  zero. 

The  exact  manner  this  is  accomplished  is  specified  by  the 
following  algorithm: 

A)  For  N  =  -NMIN  to  NMAX 

If  Ho[n]  <  10“^  then  Ho[N]  =  0 

B)  For  N  *  (-NMIN+1)  to  NMAX 

If  (Ho[N-l]<0)  and  Ho[N]  >  0)  or 
(Ho[N-l]>0)  and  Ho[N]  <  0) 
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negat 


Then 


If  (1Ho[N-111  5  1Ho[n11  )  HotN-ll  =  0. 

If  (1Ho[N11  <  |ho[N-1]|  )  Ho[N]  »  0. 

All  HoINj  decks  are  processed  by  this  algorithm.  Step  A  eliminates 
cases  where  Ho[n]  is  so  close  to  zero  as  to  possibly  cause  confusion. 
This  algorithm  is  designed  to  handle  the  normal  cases  (examples  C  and  D 
as  follows),  but  not  any  pathological  cases  (examples  E,  F,  G,  H  as 
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For  a  detailed  example  of  a  transducer  with  negative  Ho[N]  values 
see  Figure  3.10. 

3.4.2  The  Pathological  Case  of  Impossible  Ho[N]  Values 

In  the  following  example  (Figure  3.11)  it  would  be  impossible  to 
implement  Ho[5]: 
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This  case  will  probably  never  come  up,  but  the  user  should  be 
aware  of  its  existence.  In  the  event  it  does  come  up  the  program  will 
continue  to  process  incorrectly. 

3.4.3  The  ACT [Ml  Deck 

The  ACT[M]  deck  consists  of  a  title  card  and  a  card  for  each 
electrode  or  double  electrode  pair.  There  is  one  more  card  in  the 
ACT[H]  deck  than  in  the  Ho[N]  deck.  This  is  because  there  is  always 
one  more  element  than  the  number  of  gaps  between  elements. 

Each  card  following  the  title  card  consists  of  the  number  M, 
ACT[M]***,  and  optionally  Wi[m],  W2IM]  and  W3[m]. 

"M"  is  the  number  of  the  element.  The  first  element  on  the 
negative  side  of  the  comb  is  numbered  -NMIN-1/2.  The  following 
elements  are  numbered  by  adding  increments  of  1.  Thus,  the  last 
element  will  be  numbered  NMAX  *  1/2.  Example:  If  we  had  a  six 

element  transducer  the  gaps  might  (but  not  necessarily)  be  numbered: 
(“2,  -1,  0,  1,  2).  The  elements  would  then  be  numbered:  (-2.5,  -1.5, 
-.5,  .5,  1.5,  2.5). 

*'ACT[M]"  gives  the  distance  from  the  center  of  the  element  to  the 
middle  of  the  zero'th  gap.  In  the  case  of  a  double  electrode,  "Center" 
means,  the  center  of  the  gap,  that  is  between  the  two  fingers  of  the 
double  electrode.  If  the  element  is  on  the  negative  side  of  the  comb 
(as  defined  by  the  number  M)  then  this  distance  will  be  negative.  If 
the  element  is  on  the  positive  aide  of  the  comb  this  distance  will  be 
positive. 

"W1[M]":  In  the  case  of  a  single  electrode  Wl[M]give8  the  width 
of  the  electrode.  In  the  case  of  a  double  electrode  U1[M]  gives  the 
width  of  the  gap  between  the  two  fingers  of  the  double  electrode.  If 
the  W1[M]  value  is  left  off  the  card  the  program  will  use  the  W1  value 
from  namelist  $C0NVERT. 

"W2[m]":  In  the  case  of  a  single  electrode  W2[Ml  is  not  used,  and 
will  be  ignored  if  given.  In  the  case  of  a  double  electrode  W2[M]  is 
the  width  of  one  of  the  fingers  of  the  double  electrode.  Both  fingers 
of  a  double  electrode  are  always  assumed  to  be  the  same  width.  If  the 
W2[M]  value  is  left  off  the  card,  the  program  will  use  the  W2  value 
from  namelist  $C0NVERT. 


***As  with  the  case  of  Ho[N],  ACT[M]  can  refer  to  either  the  deck  in 
general,  or  the  distance  of  a  specific  finger  from  the  zero'th  gap. 
Examples: 

A)  I  dropped  an  ACT[M]  deck  on  the  floor. 

B)  The  ACT[Ml  value  for  the  5.5'th  finger  is  .54E-3 
(i.e.  ACT{5.5 J*.54E-3,  or,  the  finger  numberd  5.5  is  a 
distance  of  .54E-3  from  the  center  of  the  zero'th  gap). 
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''W3[M]"  gives  the  distance  between  the  main  (i.e.  electrically 
active)  and  dummy  elements.  W3[M]  is  almost  always  constant  within  a 
comb.  If  the  W3[M]  value  is  left  off  the  card,  the  program  will  use 
the  W3  value  from  namelist  $CONVERT.  W3  [M  ]  is  ignored  if  dummy 
elements  are  not  being  used  (see  Figures  3.1,  3.2,  3.3,  3.4). 

3.4.4  Dummy  Elements,  Single,  Double  Electrodes 

A  dummy  element  is  an  electrically  inactaive  element  that  goes 
directly  opposite  (separated  by  distance  W3[M])  the  electrically  active 
element.  Dummy  elements  are  not  always  used.  If  DUMMY  =  .True,  on  the 
$CONVERT  namelist  then  dummy  elements  are  included.  If  DUMMY  = 

.False. then  dummy  elements  are  not  included.  Dummy  fingers  are  always 
the  same  width  as  the  main  finger  they  are  opposite. 

Similarly,  if  SINGLE  =  .True,  on  the  $CONVERT  namelist  then  the 
program  uses  single  finger  elements.  If  SINGLE  =  .False,  then  the 
program  uses  double  finger  elements  (see  Figures  3.1,  3.2,  3.3  and  3.4). 

3.4.5  Deck  Setup,  Defaults 

The  Ho[N]  and  AGT [M ]  decks  do  not  both  have  to  be  included. 

Either  one  (but  not  both)  of  the  decks  may  be  left  out. 

If  the  Ho[N]  deck  is  left  out,  the  "N"  numbers  can  be  calculated 
from  the  "M"  numbers  on  the  ACT[M]  deck.  Example:  The  M  numbers  may 
go:  (-3.5,  -2.5,  -1.5,  -.5,  15,  1.5,  2.5,  3.5).  In  this  case  the  N 
numbers  would  be  calculated  as  (-3,  -2,  -1,  0,  1,  2,  3).  The  Ho[N] 
values  would  all  be  assumed  to  be  1  (their  real  world  value  being 
"OVALAP",  from  namelist  $C0NVERT) . 

If  the  ACT[m]  deck  is  left  out,  the  "M"  numbers  can  be  calculated 
from  the  "N"  numbers  on  the  Ho[n]  deck.  Example:  The  N  numbers  may  go 
(-3,  -2,  -1,  0,  1,  2,  3).  In  this  case  the  M  numbers  would  be  calcu¬ 
lated  as  (-3.5,  -2.5,  -1.5,  -.5,  .5,  1.5,  2.5,  3.5).  The  ACT[M]  values 
would  be  calculated  by  assuming  the  gaps  between  elements  to  be  equal 
to  W1 .  (Although  W1  and  W2  have  different  definitions  depending  on 
whether  they  are  describing  a  comb  with  single  or  double  electrodes,  in 
this  particular  case,  with  the  ACT[M]  deck  left  out,  the  gaps  between 
all  fingers  have  a  distance  of  Wl.) 

Thus  for  single  finger  electrodes  ACT[M]  is  calculated  by  the 
formula: 


ACT[M]  =  (2)(M)(W1) 

For  double  finger  electrodes  ACT[M]  is  calculated  by  the  formula: 
ACT[m]  “  2M(W1  ♦  W2) 

(See  Figures  3.5,  3.6) 
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When  the  ACT[M)  deck  is  missing  W1[M),  W2[M]  and  W3[M]  are  all 
obtained  from  the  $CONVERT  namelist. 

i.e.  W1[M]  =  W1  For  all  M.  (Wl,  W2 ,  W3 

W2[M]  =  W2  values  from 

W3lMl  =  W3  namelist  $CONVERT.) 

3.4.6  Miscellaneous  Points  of  Interest 

3. 4. 6.1  ACT[M]  Input  Format 

The  format  to  read  in  the  ACT(  M]  title  card  is  (8A10). 

The  format  to  read  all  other  ACTi M]  cards  is  F6 . 1 ,  4E15.8. 

3. 4. 6. 2  Connecting  Electrode  to  Correct  Pad 

How  does  one  know  if  a  particular  electrode  is  connected  to  the  top  or 
bottom  pad?  The  convention  is,  that  the  first  electrode  on  the  positive  side 
of  the  zero'th  gap  is  connected  to  the  bottom  pad.  All  other  finger  connec¬ 
tions  can  then  be  figured  out  from  the  algorithms  given  in  this  section. 

3. 4. 6. 3  Reversal  of  Combs  in  Multi-Comb  Device 


When  CONVERT  handles  a  two  comb  device  it  reverses  the  first 
comb.  In  other  words,  if  we  were  to  input  two  identical  combs  into 
program  CONVERT,  the  output  would  be  two  combs  (described  in  Raytheon 
format),  the  first  comb  being  the  mirror  image  of  the  second.  In  a 
three  comb  device  with  NC0MBS=3  (from  the  $CONVERT  namelist)  no  combs 
are  reversed.  If  NCOMBS  =  -3,  the  first  comb  is  reversed.  In  a  four 
comb  device  the  first  and  second  combs  are  reversed.  This  is  shown 
graphically  in  Figure  3.7. 

3. 4. 6 .4  The  Distance  "PADS" 


The  elements  on  either  side  of  the  zero'th  gap  are  always  the  same 
length,  that  is,  the  element  M  =  1/2  is  the  same  length  as  element  M  = 
-1/2.  The  distance  of  the  1/2 'th  element  from  the  top  Pad  is  "PADS"  by 
implication;  the  distance  of  the  -1/2 'th  element  from  the  bottom  Pad  is 
also  "PADS".  If  this  were  not  the  case  there  would  not  be  enough 
information  for  "CONVERT"  to  convert  the  RADC  formats  to  the  Raytheon 
format  (see  Figures  3.1,  3.2,  3,3,  3.4). 

3.4.6. 5  T's  in  Column  80  of  Ho[N]  Deck 


When  a  T  appears  in  Column  80  of  one  of  the  Ho[N]  cards,  then  the 
left  most  electrode  surrounding  this  gap  is  removed  (or  thinned) .  The 
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W1[M]  is  defined  as  the  width  of  the  M'th  finger.  When  the  ACT[M]  deck  is 
not  included  then  W1[M]  =  Wl,  for  all  M,  the  value  of  W1  being  obtained  from 
the  $CONVERT  namelist.  When  the  ACT[M]  deck  is  not  included,  the  gap  between 
elements  is  also  assumed  to  be  Wl.  Thus 

ACT[M]  =  2(M)(W1) 


Figure  3.8  A  Fictitious  Zero  Gap 

This  is  not  an  example  of  a  zero  gap. 
This  situation  never  occurs. 


If  the  Ho(N]  values  to  the  left  of  the  zero  gap 
are  positive  then  the  Ho[N]  values  to  the  right  will 
be  negative  and  vice  versa. 


Figure  3.11  Pathological  Case  of 

Impossible  Hq[N)  Value 


Hq[-1]  =  .7 

Ho[0]  =  1 

Hg[l]  =  .7 

Hq[2]  =  .4 

Hq[3]  =  .3 

H^[4]  =  .1 

Hq[5]  =  .8 

As  one  can  see  from  the  diagram,  the  maximum 
possible  Hq[5]  value  is  slightly  less  than  .6. 

Hq[5]  =  .8  is  Impossible.  - 
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rest  of  the  comb  will  remain  the  same  (i.e.  spacing  is  preserved). 
This  is  a  seldom  used  option. 


3. 4. 6. 6  Device  Description  Units 

Devices  are  always  specified  in  units  of  meters. 

3. 4. 6. 7  Discussion  of  RADC  Standard  Format 


The  RADC  standard  format  is  quite  useful  from  the  viewpoint  of  the 
design  engineer. 

The  Ho  [N ]  array  not  only  defines  the  element  overlaps,  but  also 
the  impulse  response  of  the  comb  being  defined,  i.e.  the  shape  of  the 
surface  wave  launched  from  the  comb  as  a  result  of  a  pulse  applied  to 
the  input  port  of  the  comb.  Also,  in  many  cases,  it  is  desirable  to 
place  the  elements  in  a  comb  non-periodical ly  in  order  to  compensate 
for  second  order  effects  such  as  surface  wave  diffraction.  In  these 
cases,  the  design  engineer  would  specify  ACT[M]  as  some  mathematical 
function  of  M,  and  then  create  an  ACTIm]  deck  accordingly. 

Ho [N  ]  and  ACT[M]  are  looked  upon  as  functions  related  to  the 
device  characteristics  rather  than  specifications  of  physical 
appearance . 

3. 4. 6. 8  Maximum  Deck  Size 


The  maximum  number  of  Ho[N]  cards  allowed  for  each  comb  is  999; 
the  maximum  number  of  ACT[m]  cards  allowed  for  each  comb  is  1000. 

3.5  RADC  Coded  Format 


3.5.1  General  Description  of  a  Coded  Transducer 

The  coded  format  arose  as  a  simplification  of  the  description  of 
tapped  or  thinned  transducers.  It  is  used  with  investigations  into 
corrections  of  effects  of  surface  wave  diffraction  (both  amplitude  and 
phase)  in  interdigital  transducers. 

This  kind  of  transducer  is  illustrated  in  Figures  3.12,  3.13,  3.14 
and  3.15.  A  coded  transducer  consists  of  a  number  of  groups  of  elec¬ 
trodes.  Each  group  of  electrodes  is  referred  to  as  a  tap. 

Within  a  tap  the  element  overlap  Ho  [NTAP]  is  always  constant. 
However,  the  element  overlap  may  vary  from  tap  to  tap.  The  largest 
element  overlap  should  always  occur  in  the  zero' th  tap.  The  element 
overlap  in  other  taps  may  be  as  large,  but  should  never  be  larger  than 
the  element  overlap  in  the  zero' th  tap.  The  element  overlap  of  the 
zero'th  tap  should  always  be  1.  Element  overlaps  in  other  taps  are 
scaled  accordingly.  The  real  value  of  the  element  overlaps  can  be 
found  by  multiplying  the  scaled  value  by  the  value  "OVALAP"  from  the 
$CONVERT  namelist. 


T  C  A  lO  1  =0 


Figure  3.12  Coded  Transducer,  Odd  Number  of  Taps. 

Even  Number  of  Fingers  per  Tap  (Normal  Case) 

Assuming  Realistic  Distances  along  X-axis,  then 
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TCA(0)=0 


NTAP  =-l  NTAP  =0  NTAP  =1 


Figure  3.13  Coded  Transducer,  Odd  Number  of  Taps, 
Odd  Number  of  Fingers  per  Tap _ 

Assuming  Realistic  Distances  along  X-axis,  then 
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T  C  A  [1  ] 


TCAl0l=0 


A  coded  transducer  may  consist  of  single  electrodes  without  dummy 
fingers,  single  electrodes  with  dummy  fingers,  double  electrodes  with¬ 
out  dummy  fingers  or  double  electrodes  with  dummy  fingers.  The  type  of 
element  used  must,  however,  be  constant  within  the  whole  comb  (i.e. 
element  types  may  not  vary  from  tap  to  tap) . 

With  the  exception  of  the  end  taps,  all  taps  within  a  comb  contain 
the  same  number  of  elements,  this  number  being  "NF"  from  the  $CONVERT 
name list. 


The  leftmost  tap  and  the  rightmost  tap  (referred  to  as  the 
-NTAPMIN'th  tap  and  NTAPMAX’th  tap  respectively)  have  the  same  number 
of  elements  as  each  other,  this  number  being  calculated  in  one  of  three 
possible  ways;  (The  only  exception  to  this  rule  is  when  the  $CONVERT 
namelist  variable  ADD  is  not  equal  to  zero,  see  Section  3.6) 

A)  If  the  number  of  taps  in  the  comb  is  even,  then  number  of 
elements  in  end  taps  =  NF  (see  Figures  3.14,  3.15). 

B)  If  the  number  of  taps  in  the  comb  is  odd  and  "NF"  is  even, 
then  number  of  elements  in  end  taps  =  NF/2  +  1  (see  Figure 

3.12)  . 

C)  If  the  number  of  taps  in  the  comb  is  odd  and  "NF"  is  odd, 
then  number  of  elements  in  end  taps  =  (NF+l)/2  (see  Figure 

3.13)  . 


For  various  calculations  (such  as  the  placement  of  the  taps)  it  is 
necessary  to  know  where  the  so-called  "center"  of  the  tap  is*.  With 
the  exception  of  the  end  taps  the  so-called  center  is  the  same  as  the 
physical  center.  For  non-end  taps  with  "NF"  odd,  the  center  of  the  tap 
is  at  the  center  of  the  middle  element  (see  Figures  3.13,  3.15).  For 
non-end  taps  with  "NF"  even,  the  center  of  the  tap  is  at  the  center  of 
the  middle  gap**  (see  Figures  3.12,  3.14). 


For  Case  A  (as  described  above.  Figures  3.14,  3.15)  the  end  taps 
are  identical  to  the  other  taps  and  so  is  their  center  point. 

For  Case  B  (Figure  3.12)  the  so-called  "center"  of  the  left  end 
tap  is  at  the  center  of  the  leftmost  gap.  The  so-called  "center"  of 
the  right  end  tap  is  at  the  center  of  the  rightmost  gap. 


For  Case  C  (Figure  3.13)  the  so-called  "center"  of  the  left  end 
tap  is  at  the  center  of  the  leftmost  element.  The  so-called  center  of 
the  right  end  tap  is  at  the  center  of  the  rightmost  element. 


*We  refer  to  the  horizontal  (and  not  the  vertical)  center  of  the  tap 
(i.e.  the  center  of  the  tap  along  the  X-axis). 

**For  this  discussion  "gap"  refers  to  the  distance  between  elements, 
and  not  to  the  distance  between  fingers  of  a  double  electrode. 
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To  figure  out  which  elements  are  connected  to  which  bus  bars  the 
following  algorithm  is  used: 

A)  The  leftmost  element  of  the  zero' th  tap  is  connected  to  the 
bottom  bus  bar. 

B)  Within  a  tap  the  elements  alternate  between  being  connected 
to  the  top  and  bottom  bus  bars. 

C)  The  rightmost  element  of  any  tap  is  connected  to  the  same 
bus  bar  as  the  leftmost  element  of  the  tap  on  its  right. 
Conversely,  the  leftmost  element  of  any  tap  is  connected  to 
the  same  bus  bar  as  the  rightmost  element  of  the  tap  on  its 
left 

Also  note  that  the  rightmost  element  of  any  tap  and  the  leftmost 
element  of  the  tap  on  its  right  are  always  the  same  length.  Con¬ 
versely,  the  leftmost  element  of  any  tap  and  the  rightmost  element  of 
the  tap  on  its  left  are  always  the  same  length  (see  Figures  3.12, 

3.13,  3.1A,  3.15). 

For  both  single  and  double  electrodes,  the  distance  between  ele¬ 
ments  of  a  tap  is  W1  (even  though  W1  does  not  have  the  same  meaning  for 
both  single  and  double  electrodes).  (See  Section  3.4.3.) 

3.5.2  RADC  Coded  Format  Setup 

The  RADC  coded  format  consists  of  a  namelist  $CONVERT  and  two 
decks  for  each  comb  to  be  described  by  this  format.  The  first  deck  is 
referred  to  as  the  Ho[NTAP]  deck  (pronounced  H  zero  of  N  tap).  The 
second  deck  is  referred  to  as  the  TCA[NTAP]  deck.  Both  these  decks  are 
optional  as  will  be  described  in  the  following  sections. 

3.5.3  The  Ho[NTAP]  Deck 


The  Ho[NTAP]deck  consists  of  a  title  card  and  a  card  for  each  tap 
of  the  comb.  Each  card  following  the  title  card  consists  of  the 
number,  NTAP,  (an  integer)  of  the  tap  and  Ho[NTAP]  (real),  the  amount 
of  element  overlap  in  the  NTAP'th  tap.  The  taps  may  be  numbered  from 
left  to  right,  or  from  right  to  left,  the  restrictions  being: 

A)  They  must  be  numbered  consecutively. 

B)  One  of  the  taps  must  be  labeled  Tap  Zero 

C)  The  zero' th  tap  must  contain  the  longest  element 
overlaps . 

Other  taps  may  have  equal  element  overlaps,  but  none  can  have  more. 
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From  these  conditions  it  is  easy  to  see  that  some  of  the  taps  must 
be  numbered  negatively.  The  tap  numbered  most  negatively  is  called  the 
-NTAPMIN'th  tap-  The  number  "NTAPMIN"  is  always  positive.  The  tap 
labeled  with  the  highest  positive  number  is  called  the  NTAPMAX'th  tap. 
The  number  NTAPMAX  is  always  positive. 

When  a  comb  has  more  then  one  tap  with  maximum  overlap  (often  all 
the  overlaps  are  equal),  then  it  is  up  to  the  program  user  to  decide 
which  tap  he  wants  to  label  zero. 

As  described  in  Section  3.5.1,  the  overlap  value  on  the  card  for 
the  zero'th  tap  is  always  1.  The  other  element  overlap  values  are 
scaled  accordingly.  The  actual  overlap  of  the  zero'th  tap  is  "OVALAP", 
defined  by  the  $CONVERT  namelist.  Thus,  the  actual  overlap  of  the 
elements  in  the  NTAP'th  tap  is  simply  (OVALAP)  (Ho[NTAP]). 

The  format  of  the  Ho[N]  title  card  is  (8A10);  the  format  of  the 
cards  following  the  title  card  is  (I5,  E15.8). 

3.5.3. 1  Negative  Ho[NTAP]  Values,  Zero  Ho[NTAP]  Values  and 
Almost  Zero  Ho[NTAP]  Values 

Just  as  zero  and  negative  Ho[N]  values  are  possible  (see  Section 
3.4.1)  so  are  zero  and  negative  Ho[NTAP]  values  possible. 

Actually  the  program  is  only  able  to  handle  negative  taps  that 
have  an  even  number  of  elements.  Attempts  to  produce  negative  taps 
with  an  odd  number  of  elements  per  tap  will  produce  erroneous  results. 

Mathematically  the  sign  of  the  Ho[NTAP]  value  changes  every time  a 
zero  Ho[NTAP]  value  occurs.  That  is,  if  HoiNTAP]  =  0,  then  the  signs 
of  Ho[NTAP-l]  and  Ho[NTAP+l]  will  be  opposite. 

A  zero  tap  is  basically  the  same  as  a  normal  tap  except  that  the 
fingers  do  not  overlap.  The  vertical  distance  of  two  opposite  elements 
from  each  other  is  the  scaled  distance  W3/OVAIAP  (see  Figure  3.16). 

A  change  of  sign  cannot  occur  without  a  zero  tap. 

If  a  change  of  sign  does  occur  in  an  Ho[NTAP]  deck  without  a  zero 
HO [NTAPjvalue  included,  the  program  will  automatically  change  one  of 
the  two  Ho[NTAP]  values  involved  in  the  change  of  sign,  to  zero. 

The  algorithm  used  to  do  this  is  the  same  algorithm  described  in 
Section  3.4.1. 


Both  parts  "A"  and  "B"  apply.  The  only  difference  is  that  N  gets 
replaced  by  NTAP  and  NMIN  and  NMAX  get  replaced  by  NTAPMIN  and  NTAPMAX 
respectively.  All  HotNTAP]  decks  are  processed  by  this  algorithm. 


Step  "A"  eliminates  cases  where  HolNTAPj  is  so  close  to  zero  as  to 
possibly  cause  problems. 


This  algorithm  only  handles  the  normal  cases  (see  Section  3.4.1). 

For  a  detailed  example  of  a  transaucer  with  negative  Ho[NTAP) 
values  see  Figure  3.17. 

3. 5. 3. 2  The  Pathalogical  Case  of  Impossible  Ho[NTAP]  Values 

In  the  following  example  with  NF=4,  it  would  be  impossible  to 
implement  Ho  [4  ]  (see  Figure  3.18). 

Ho[-l]  =  .7 

Ho  10]  =  1.0 

Ho[l]  =  .4 

Ho  [2  I  =  .4 

Ho  [3]  =  .1 

Ho  [4]  =  .8 


This  case  will  probably  never  come  up,  but  the  user  should  be 
aware  of  its  existence.  In  the  event  it  does  come  up  the  program  will 
continue  to  process  incorrectly. 

3.5.4  The  TCA[NTAP]  Deck 

The  TCA[NTAP]  deck  consists  of  a  title  card  and  a  card  for  each 
tap  of  the  comb. 

Each  card  following  the  title  card  consists  of  the  numbers  NTAP 
and  TCA[NTAP]. 

As  previously  described,  "NTAP"  is  the  number  of  the  tap. 

TCA[NTAP]is  the  actual  (i.e.  unsealed)  distance  from  the  center  of 
the  zero'th  tap  to  the  center  of  the  NTAP'th  tap.  (For  a  definition  of 
"center"  of  tap  see  Section  3.5.1.)  TCA[0}  always  equals  zero.  If 
NTAP  is  negative  then  the  value  of  TCA[NTAP]  is  negative  (see  Figure 
3.12,  3.13,  3.14,  3.15). 

Unlike  ACT[M]  decks,  TCA[NTAP]  decks  neither  include  Wl,  W2,  nor 
W-3  values.  These  values  have  the  same  meanings  as  described  in 
■^action  3,4.3,  but  their  values  are  always  obtained  from  the  $C0NVERT 
namelist,  and  remain  constant  throughout  the  whole  comb. 


3.3.5  Deck  Defaults 


The  Ho(NTAPj  and  TCA(NTAP]  decks  do  not  both  have  to  be  included. 
Either  one  (or  both)  of  the  decks  may  be  omitted. 

If  the  Ho(NTAPj  deck  is  omitted,  the  "NTAP"  numbers  can  be  cal¬ 
culated  from  (and  in  fact  are  exactly  the  same  as)  the  "NTAP"  values  on 

the  TCAINTAP]  deck. 

The  Ho [NTAP J  values  would  all  be  assumed  to  be  1  (their  real  world 
value  being  "OVALAP",  from  the  $CONVERT  namelist). 

If  the  TCA[NTAP]  deck  is  omitted  the  "NTAP"  numbers  can  be  cal¬ 
culated  from  (and  in  fact  are  exactly  the  same  as)  the  "NTAP"  values  on 

the  Ho [NTAP  I  deck. 

When  the  TCAlNTAP]  deck  is  omitted  it  is  assumed  that  the  distance 
between  the  center  (as  defined  in  Section  3.5.1)  of  one  tap  and  the 
center  of  the  next  tap  is  constant  throughout  the  comb.  This  distance 
is  called  "WCHIP"  (width  of  chip)  and  is  defined  by  the  $CONVERT  name- 
list.  "WCHIP"  is  used,  only  if  the  TCA[NTAP)  deck  is  omitted. 

Thus,  when  the  TCA[NTAP|  deck  is  omitted: 

TCA[NTAPj  =  (NTAP) (WCHIP) 

(For  all  NTAP,  for  either  single  or  double  electrodes,  with  or  without 
dummy  fingers.) 

When  both  the  Ho [NTAP]  and  TCA[NTAP1  decks  are  left  out  the  number 
of  taps  is  determined  from  the  variable  "NCHIPS" .  This  variable  is  on 
the  $CONVERT  namelist  and  is  used  only  in  the  event  that  both  decks  are 
omitted.  "NCHIPS"  stands  for  the  number  of  chips.  A  chip  is  the  area 
of  the  comb  from  the  center  of  one  tap  to  the  center  of  the  next.  The 
number  of  taps  (called  NTAPS)  is  equal  to  the  number  of  chips  plus  one. 

NTAPS  =  NCHIPS  +  1 

The  range  of  NTAP  is  determined  in  one  of  two  ways: 

A)  If  NTAPS  is  even  NTAPMIN  =  — NTAPMAX  =  -  l 

MTAP<?  NTAPS 

B)  If  NTAPS  is  odd  NTAPMIN  =>  -  g  -  1/2,  NTAPMAX  =  ^  -  1/2 

NTAP  goes  from  -NTAPMIN  to  NTAPMAX. 

3.3.6  Miscellaneous  Points  of  Interest 


3. 5. 6.1  ACT[M)  Input  Format 

The  format  to  read  in  the  TCA[NTAP)  title  card  is  (8A10) . 
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The  format  to  read  all  other  TCA[NTAP]  cards  is  (15,  E15.8). 

3. 5. 6. 2  The  Distance  "PADS" 


PADS  is  the  same  value  as  described  in  Section  3.4.8.  In  the  case 
of  a  coded  transducer  "PADS"  is  the  distance  of  the  leftmost  element 
(in  the  case  of  dummy  fingers,  the  distance  from  the  main  part  of  the 
leftmost  element)  of  the  zero'th  tap  to  the  bottom  of  the  top  bus  bar. 
By  implication,  the  distance  from  any  of  the  elements  in  the  zero'th 
tap  to  the  bus  bar  it  is  not  connected  to,  is  "PADS". 

3. 5. 6. 3  Reversal  of  Combs  in  Multi-Comb  Device 


As  described  in  Section  3.4.7,  program  CONVERT  sometimes  reverses 
some  of  the  combs  in  a  device.  The  same  rules  for  reversal  apply  no 
matter  what  format  is  used  to  describe  the  combs  in  a  device.  In  fact 
any  comb  may  be  described  by  any  format  (i.e.  the  same  format  need  not 
be  used  to  describe  each  comb  in  a  device).  Yet  in  all  cases,  the  same 
rules  of  reversal  apply  (see  Figure  3.7). 

3. 5. 6. 4  Maximum  Deck  Size 


The  maximum  number  of  Ho[NTAP]  cards  allowed  for  each  comb  is 
1000;  the  maximum  number  of  TCA[NTAP] cards  allowed  for  each  comb  is 


1000. 
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The  distance  W3/0VALAP  represents  a  scaled  (Raytheon  format) 
distance,  the  final  product  would  have  a  gap  of  W3  meters  between 
the  fingers. 
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3 . 6  The  $CONVERT  NAMELIST 


3.6.1  Introduction 

The  Ho[n]  or  Ho[NTAP]  and  ACTiMjor  TCA[NTAP]  decks  do  not  contain 
enough  information  to  fully  describe  a  SAW  device.  To  complete  the 
description,  the  $CONVERT  namelist  is  needed.  Since  there  are  up  to 
five  combs  per  device,  and  each  comb  is  capable  of  being  defined  by  a 
different  format,  most  of  the  variables  on  the  $CONVERT  namelist  are 
arrays  of  length  five,  the  first  value  of  an  array  variable  being  used 
to  describe  the  first  comb,  the  second  value  used  to  describe  the 
second  comb,  etc.  The  number  of  combs  in  the  device  is  given  by 
"NCOMBS",  which  will  determine  how  many  of  the  five  array  values  are 
used. 

3.6.2  The  $COWVERT  Namelist  Variables  and  Their  Type 

All  arrays  are  of  length  five. 


NCOMBS 

Integer 

OVALAP 

Real 

PADS 

Real 

W1 

Real  Array 

W2 

Real  Array 

W3 

Real  Array 

DUMMY 

Logical  Array 

SINGLE 

Logical  Array 

CODE 

Logical  Array 

NCHIPS 

Integer  Array 

NF 

Integer  Array 

WCHIP 

Real  Array 

CARR 

Logical  Array 

LEVER 

Logical  Array 

EDG2EDG 

Real  Array 

AVERAGE 

Logical  Array 

FILL 

Logical  Array 
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ADD 

Integer  Array 

ENGAN 

Logical  Array 

FUTURE 

Logical  Array 

EXPAND 

Real  Array 

3 . 6 .  The  $CONVERT  Namelist  Variables  and  Their  Defaults 


NCOMBS 

2 

OVALAP 

500. E-6 

PADS 

lO.E-6 

W1 

1.2E-6,  1.2E-6, 

1 . 2E-6 , 

1.2E-6 

W2 

1.2E-6,  1.2E-6, 

1 . 2E-6 , 

1 . 2E-6 

W3 

5.0E-6,  5.0E-6, 

5.0E-6, 

5.0E-6 

DUMMY 

T,T,T,T,T 

SINGLE 

F.F.F.F.F 

CODE 

P,F,F,F,F 

NCHIPS 

0,0, 0,0,0 

NF 

0,0, 0,0,0 

WCHIP 

0,0, 0,0,0 

CARR 

F,F,F,F,F 

LEVER 

F,F,F,F,F 

EDG2EDG 

0,0, 0,0,0 

AVERAGE 

F,F,F,P,F 

FILL 

F,F,F,F,F 

ADD 

0,0, 0,0,0 

ENGAN 

F,F,F,F,F 

FUTURE 

F,F,F,F,F 

EXPAND 

0,0, 0,0,0 

1 . 2E-6 
1.2E-6 
5.0E-6 
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3.6.4  The  $CONVERT  Namelist  Variables  and  Their  Functions 


NCOMBS: 


OVALAP: 


PADS: 


W1(I): 


W2(I): 


W3(I): 


Gives  the  number  of  combs  in  a  device.  NCOMBS  can 
range  from  I  to  5 . 

In  the  RAOC  standard  format  OVALAP  gives  the  actual 
unsealed  overlap  of  the  M^-1/2  and  M=l/2  elements. 

In  the  RADC  coded  format  OVALAP  gives  the  actual 
unsealed  overlap  of  elements  in  the  zero' th  tap  (See 
Sections  3.4.3,  3.5.1,  3.5.3). 

In  the  RADC  standard  format  PADS  gives  both  the 
unsealed  distance  between  the  main  part  of  the  M=l/2 
element  and  the  bottom  of  the  top  bus  bar,  and  the 
distance  between  the  main  part  of  the  M=-l/2  element 
and  Che  top  of  Che  bottom  bus  bar.  In  Che  RADC  coded 
format  PADS  gives  the  unsealed  distance  between  the 
main  part  of  any  element  in  the  zero'th  tap  to  Che 
bus  bar  it  is  not  connected  to.  The  variable  "EXTRA" 
is  the  scaled  value  of  PADS  (see  Sections  3.4.8, 

3. 5. 6. 2,  3.7.2,  3.8.1). 

In  the  case  of  a  comb  with  single  electrodes  W1  gives 
the  width  of  the  electrodes.  In  the  case  of  a  comb 
with  double  electrodes  W1  gives  the  width  of  the  gaps 
between  the  fingers  of  double  electrodes. 

In  the  RADC  standard  format  the  W1  value  from  Name- 
list  $CONVERT  is  used  only  if  the  W1[M]  values  are 
not  included  in  the  ACT[M]  deck.  In  the  RADC  coded 
format  the  value  of  W1  from  the  Namelist  $CONVERT  is 
always  used  (See  Sections  3.4.3,  3.5.4). 

In  the  case  of  a  comb  with  single  electrodes  W2  is 
not  used.  In  the  case  of  a  comb  with  double  elec¬ 
trodes  W2  is  the  width  of  the  fingers  of  the  double 
electrodes.  Both  fingers  of  a  double  electrode  are 
the  same  width,  this  width  being  W2. 

In  the  RADC  standard  format  the  W2  value  from  Che 
$CONVERT  Namelist  is  used  only  if  the  W2[M]  values 
are  not  included  in  the  ACT[M]  deck.  In  the  RADC 
coded  format  the  value  of  W2  from  the  $CONVERT  Name- 
list  is  always  used  (see  Sections  3.4.3,  3.5.4). 

W3  gives  the  distance  between  Che  main  (i.e. 
electrically  active)  and  dummy  elements.  W3  is 
ignored  if  dummy  elements  are  not  being  used  in  the 
comb . 
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DUMMY(I): 


SINGLE(I): 


AVERAGE(I): 


In  the  RADC  standard  format  the  W3  value  from  the 
$CONVERT  namelist  is  used  only  if  the  W3[M]  values 
are  not  included  in  the  ACT[M]  deck.  In  the  RADC 
coded  format  the  value  of  W3  from  the  $CONVERT 
Namelist  is  always  used  (see  Sections  3.4.3,  3.5.4). 

If  DUMMY(I)  ■  True,  then  the  I'th  comb  will  use  dummy 
fingers . 

If  DUMMY(I)  “  False,  then  the  I'th  comb  will  not  used 
dmmy  fingers. 

If  SINGLE(I)  =  True,  then  the  I'th  comb  will  use 
single  electrodes. 

If  SINGLE(I)  =  False,  then  the  I’th  comb  will  use 
double  electrodes. 

If  AVERAGE(I)  =  True,  then  the  Ho|N]  values  for  the 
I'th  comb  will  be  averaged  in  the  following  way. 

Let  Ho  f-NMIN-2]  =  Ho  [-NM1N  ] 

Let  HoI-NMIN-1]  =  Ho  [-NMIN  ] 

Let  Ho  [NMAX+1  ]  =  Ho  [NMAX  ] 

Let  Ho  [NMAX+2  ]  =  Ho  [NMAX  ] 


Then  for  N  =  -NMIN  to  NMAX  ^  N  >  H  IN+I  ] 

If  (N  is  odd)  and  (Ho  [N  ]  >0)  and  Ho[N+l]>0)  then  Ho*tN]=^°^^  * 


If  (N  is  odd)  and  (Ho  (N  >=0) 


T 

then  Ho  [N  ]  =  0 

..  ,  Ho  fN-l  1+  Ho  [N  ] 

If  (N  is  odd)  and  (Ho  (N-1  ]  <0)  and  Ho  [N  ]<0)  then  Ho  [N  ]=  - j - 

,  Ho  [N  1+  Ho  [N+2  ] 

If  (N  is  odd)  and  (Ho[N]>0)  and  (Ho  [N+l  ]=  0)  then  Ho  [N  ]  - - ^ - 

,  Ho  (N  1+Ho  (N-2  ] 

If  (N  is  odd)  and  (Ho(N-l]=0)  and  (Ho  [N  ]<0)  then  Ho  [N  ]=  - ■*  y-' - 


If  (N  is  even)  and  (Ho  [N-l]  >0)  and  (Ho[N]>0)  then  Ho'lN]= 

If  (N  is  even)  and  (Ho  [N  ]=0)  then  Ho’[N] 

If  (N  is  even)  and  (Ho  [N]<0)  and  (Ho[N+l]<0)  then  Ho\N]= 


Ho  [N-l  Ho  [N  ] 
=  0 

Ho[N]+  Ho[N+l] 
- 2 - 


„ '.„,_Ho  IN  ltHo[N+2] 

If  (N  is  even)  and  (Ho[N]  <0)  and  (Ho[N+2]>0)  then  Ho[N]= - 5 - 

..  Ho  rN-2 1+Ho  [N  ] 

If  (N  is  even)  and  (Ho[N-2)<0)  and  (Ho[N]>0)  then  Ho[N]  =  - ^ - 


Then  for  N  =  -NMIN  to  NMAX 

HolN]  »  Ho  In] 

fand  finally  Ho[0]  “  1 
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If  the  RADC  coded  format  is  used  and  AVERAGE(I)  =  True,  the  same 
algorithm  is  used  except: 

NMIN  gets  replaced  by  NTAPMIN 
NMAX  gets  replaced  by  NTAPMAX 
N  gets  replaced  by  NTAP. 

Note:  The  Ho[n]  or  HoInTAP)  deck  is  processed  by  the  algorithm  des¬ 
cribed  in  Section  3.4.1  before  it  is  processed  by  the  above 
algorithm. 


FUTURE(I); 


Future  does  not  serve  any  purpose  at  the  present  time 


EXPAND(I): 
CODEC  I): 


NCHIPS(I): 


WCHIP(I): 


NF(I): 


CARR(I): 


A) 


Expand  does  not  serve  any  purpose  at  the  present  time 

If  CODEC  I)  =  True,  then  the  I'th  comb  is  to  be 
described  by  the  RADC  coded  format. 

If  CODEC  I)  =  False,  then  the  I'th  comb  is  to  be 
described  by  the  RADC  standard  format. 

NCHIPSCi)  is  used  only  if  CODEC  I)  =  True,  and  both 
the  Ho[NTAP1  and  TCACnTAP]  decks  are  omitted.  NCHIPS 
indirectly  specifies  the  number  of  TAPS  in  the  I'th 
comb. 


NTAPS  =  NCHIPS+1  CSee  Section  3.5.5) 

WCHIPCI)  is  used  only  if  CODECI)  “  True,  and  the 
TCA[NTAP]  deck  is  omitted.  WCHIP  is  used  to  fill  in 
the  TCA[NTAP]  array. 

TCA[NTAP1  =  CNTAP)CMCHIP)  CSee  Section  3.5.5) 

NFCI)  is  used  only  if  CODEC  I)  *  True. 

NFCI)  specifies  the  number  of  fingers  in  each  tap 
Cexcept  the  end  taps)  of  the  I'th  comb.  CSee  Section 
3.5.1) 

If  CODEC  I)  =  True  and  CARRCl)  *  True 
then  special  reflection  reducers  invented  by  P,  H. 
Carr  are  used  on  the  positive  Cusually  right)  side  of 
each  tap.  The  reflection  reducer  on  the  positive 
side  of  a  tap  is  said  to  be  that  tap's  corresponding 
reflection  reducer.  The  following  rules  apply  to 
Carr  reflection  reducers. 

A  reflection  reducer  is  a  group  of  elements.  Each 
reflection  reducer  has  the  same  number  of  elements  as 
its  corresponding  tap. 
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B) 


C) 


D) 


E) 


LEVER(I): 


The  same  Wl,  W2,  and  W3  values  apply  to  the  elements 
of  the  reflection  reducer  as  to  the  elements  of  its 
corresponding  tap. 

Each  element  of  a  reflection  reducer  is  identical  to 
each  other.  Each  element  of  a  reflection  reducer  is 
identical  to  the  nearest  element  of  its  corresponding 
tap  (be  it  single  electrode  without  dummy  fingers, 
single  electrode  with  dummy  fingers,  double  electrode 
without  dummy  fingers,  or  double  electrode  with  dimimy 
fingers) . 

The  main  part  of  each  element  of  a  reflection  reducer 
is  connected  to  the  same  bus  bar.  The  main  part  of 
each  element  of  a  reflection  reducer  is  connected  to 
the  same  bus  bar  as  the  main  part  of  the  closest 
element  of  the  corresponding  tap. 

Each  reflection  reducer  on  a  comb  is  separated  from 
its  corresponding  tap  by  the  distance 

(EDG2EDG)  -  (Finger  Width) 

EDGE2EDGE  is  on  the  $CONVERT  namelist. 

Finger  width  is  the  actual  width  of  the  fingers  (not 
elements)  used  in  the  comb. 

If  single  fingers  are  used,  Finger  Width  =  Wl 

If  double  fingers  are  used.  Finger  Width  =  W2 

In  a  comb  with  the  reflection  reducer  to  the  right  of 
its  corresponding  tap  the  distance  (EDGE2EDG  -  Finger 
Width)  is  the  distance  from  the  right  edge  of  the 
rightmost  finger  of  the  tap  to  the  left  edge  of  the 
leftmost  finger  of  the  corresponding  reflection 
reducer. 

In  a  comb  with  the  reflection  reducer  to  the  left  of 
its  corresponding  tap  the  distance  (EDGE2EDG  -  Finger 
Width)  is  the  distance  from  the  right  edge  of  the 
rightmost  finger  of  the  reflection  reducer  to  the 
left  edge  of  the  leftmost  finger  of  the  corresponding 
tap  (see  Figure  3.19). 

If  CODE(I)  -  True  and  LEVER(l)  =  True 

Then  special  reflection  reducers,  similar  to,  but  not 

the  same  as  Carr  reflection  reducers,  are  used. 

These  reflection  reducers  consist  of  a  group  of 
elements  on  each  side  of  every  tap.  (In  the  space 


i 
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lOTE  THAT  IF  TCA  DECK  NOT  PRESENT;  TCA(N 


Figure  3.19  Coded  Transducer  with  CARR 


between  two  taps  there  will  be  two  sets  of  reflection 
reducers.)  The  following  rules  apply  to  Lever 
reflection  reducers. 

A)  If  the  number  of  elements  in  a  tap  is  even  then  the 
number  of  elements  in  each  of  the  two  reflection 
reducers  surrounding  the  tap  will  be 

The  Number  of  Elements  in  TAP 
2 

If  the  number  of  elements  in  a  tap  is  odd  then  the 
number  of  elements  in  each  of  the  two  reflection 
reducers  surrounding  the  tap  will  be 

(The  Number  of  Elements  in  TAP)-1 
2 

B)  The  same  Wl,  W2 ,  and  W3  values  apply  to  the  elements 
of  the  reflection  reducers  as  to  the  elements  of  the 
corresponding  tap. 

C)  The  elements  of  the  reflection  reducer  on  the  left 
side  of  a  tap  are  identical  to  each  other.  Each 
element  of  the  reflection  reducer  on  the  left  side  of 
a  tap  is  identical  to  the  leftmost  element  of  that 
tap.  The  elements  of  the  reflection  reducer  on  the 
right  side  of  a  tap  are  identical  to  each  other. 

Each  element  of  the  reflection  reducer  on  the  right 
side  of  a  tap  is  identical  to  the  rightmost  element 
of  that  tap  (be  it  single  electrode  without  dummy 
fingers,  single  electrode  with  dummy  fingers,  double 
electrode  without  dummy  fingers,  double  electrode 
with  dummy  fingers) . 

D)  The  main  part  of  each  element  of  the  reflection 
reducer  on  the  left  side  of  a  tap  is  connected  to  the 
same  bus  bar.  The  main  part  of  each  element  of  the 
reflection  reducer  on  the  left  side  of  a  tap  is 
connected  to  the  same  bus  bar  as  the  leftmost  finger 
of  that  tap.  The  main  part  of  each  element  of  the 
reflection  reducer  on  thu  right  side  of  a  tap  is 
connected  to  the  same  bus  bar.  The  main  part  of  each 
element  of  the  reflection  reducer  on  the  right  side 
of  a  tap  is  connected  to  the  same  bus  bar  as  the 
rightmost  finger  of  that  tap. 

E)  Each  reflection  reducer  is  separated  from  its 
corresponding  tap  by  the  distance 

EDG2EDG  -  (Finger  Width)  (See  Part  E  of  Carr 

Description)  (See  Figure  3.20) 
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EDG2EDG(I): 


ADD(I): 


FILL(I): 


This  value  is  used  only  when  CODEC  I )  ~  True  and 
CARR(I)  -  True  or  when  CODEC  I )  -  True  and  LEVERCl)  - 
True.  CCODECT)  and  LEVERCl)  cannot  both  be  true, 
program  halt.s  if  thi.s  condition  occurs.)  See 
preceding  two  sections  for  description. 

ADDCI)  is  used  only  if  CODEC  I )  True.  The  number  of 
elements  in  the  end  taps  of  a  coded  transducer  is  a 
function  of  NFC  I)  and  NCHlPSCl)  as  described  in 
Section  'J.S.l.  ADDCl)  is  a  means  of  altering  the 
number  of  elements  in  the  end  taps.  If  ADDCI)  “  0 
CDEFAULT) ,  then  the  end  taps  remain  as  usual.  If 
ADOCi)  “  1,  then  one  element  gets  added  on  to  the 
outside  of  the  end  tap  on  the  positive  side  of  the 
comb.  If  ADDCl)  “  2,  then  one  element  is  added  on  to 
the  outside  of  each  end  tap.  In  general,  if  ADDCl) 
is  an  even  number,  then  ADDCI)  elements  get  added 

2 

onto  each  end  tap.  If  ADDCl)  is  an  odd  number  then 
ADDCI)+1  elements  get  added  onto  the  outside  of  the 
- 2 - 

end  tap  on  the  positive  side,  and  ADDCl)-l  elements 

T 

get  added  onto  the  outside  of  the  end  tap  on  the 
negative  side. 

Ni'ither  the  position  of  the  so-called  "center"  of  the 
end  tap  relative  to  the  edge  of  the  end  tap  facing 
th<*  zero' th  tap  nor  tlte  so-called  "center*  of  the  end 
tap  relative  to  the  zero'th  tap  changes.  CFor 
definition  of  "center",  see  Section  3.5.1.) 

That  is,  if  we  were  to  draw  a  picture  of  a  coded 
transducer  with  ADD^O ,  and  then  draw  the  same  coded 
transducer  except  with  ADD*l  Cor  any  other  number 
greater  than  zero),  the  second  drawing  when  placed  on 
top  of  the  first  drawing  would  exactly  cover  the 
first  drawing  except  for  the  extensions  of  the  added 
element  s . 

The  extra  elements  are  added  in  exactly  the  manner 
one  would  expect.  Tlie  elements  added  are  always  the 
same  typo  as  the  tap  it  is  added  to.  The  distance 
between  all  elements  of  the  tap  including  the  added 
elements  is  W1 .  CWl  is  described  in  Section  3.5.1). 
The  element  lengths  and  the  bus  bar  they  are 
connected  to  are  such  that  the  overlap  between  al 1 
the  elements  of  the  tap  is  constant  Csee  Figure  3.21). 

FILLCI)  is  used  only  when  CODEC  I)  ■  True,  LEVERCl), 
CARRCI)  •  False.  If  FTLLCI)  ■  True  and  the  above 


■ 


"CENTER" 


■HU 


"CENTER  " 


Original  transducer  has  NF=6  and  odd  number  of  taps.  Above  is  a  normal 
end  tap  with  ADD=0,  Below  the  end  tap  from  the  same  transducer  only  with 
ADD=10  (five  fingers  added).  Relative  position  of  "CENTER"  from  right  edge 
(the  edge  closes  to  the  zero'th  tap)  is  the  same  as  in  the  top  transducer. 

In  both  cases  the  distance  from  the  "Center"  of  the  end  tap  to  the  center 
of  the  zero'th  tap  (TCA[-NTAPMIN))  is  the  same. 
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A) 


B) 


C) 


D) 


E) 


ENGAN( I) : 


A) 

B) 


C) 


conditions  are  met,  then  the  spaces  between  the  taps 
are  filled  with  elements.  The  rules  for  filling 
these  spaces  are  as  follows: 

The  type  of  elements  used  to  fill  the  spaces  (single 
or  double  electrodes,  with  or  without  dummy  fingers) 
are  always  the  same  type  of  elements  used  in  the  rest 
of  the  comb. 

All  the  FILL  elements  between  two  taps  are  connected 
to  the  same  bus  bar.  They  are  connected  to  the  same 
bus  bar  as  both  the  rightmost  element  of  the  tap  on 
their  left  and  the  leftmost  element  of  the  tap  on 
their  right. 

All  the  FILL  elements  are  the  same  length.  They  are 
the  same  length  as  both  the  rightmost  element  of  the 
tap  on  their  left,  and  the  leftmost  element  of  the 
tap  on  their  right. 

Starting  from  the  rightmost  element  of  the  left  tap, 
no  matter  which  side  of  the  comb  is  negative,  the 
FILL  elements  are  placed  at  intervals  of  Distance  W1 
(W1  is  described  in  Section  3.5.1),  until  there  is  no 
more  room. 

The  distance  between  the  rightmost  FILL  element  and 
the  leftmost  element  of  the  tap  on  its  right  can 
range  in  the  interval 

0  <  DISTANCE  <  W1 

Thus  these  last  two  elements  may  actually  touch  (see 
Figure  3.22). 

When  CODE(I)  =  True,  ENGAN(I)  =  True,  and  NF(I)  is  an 
odd  number  the  Namelist  Variable  "SINGLE"  is  ignored 
and  the  program  automatically  alternates  between 
single  and  double  electrodes.  The  rules  describing 
ENGAN  are  as  follows  (see  Figure  3.23): 

If  NF  is  even  the  program  halts  and  an  error  message 
is  printed  out. 

The  double  electrodes  are  always  connected  to  the 
bottom  bus  bar,  the  single  electrodes  are  always 
connected  to  the  top  bus  bar. 

Both  dummy  and  non-dummy  electrodes  may  be  used,  but 
whichever  one  is  used  is  consistent  throughout  the 
whole  comb  (i.e.  non-dummy  and  dummy  electrodes 
cannot  both  be  used  in  a  comb) . 
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If  the  number  of  taps  in  the  comb  is  even  then  the 
end  taps  have  the  same  number  of  elements  as  the^ 
other  taps.  (A  double  electrode  in  this  case  still 
counts  as  only  one  element.) 

If  the  number  of  taps  in  the  comb  is  odd  then  the  end 
taps  have  (NF+l)/2  fingers. 

The  distance  between  any  two  consecutive  fingers  is 

Wl. 

Other  rules  applying  to  non-ENGAN  taps  apply  to  ENGAN 
taps  (see  Section  3.5.1). 


The  first  example  (above)  is  two  non-end  taps  of  a  coded  transducer  with  FI  LI  False 
The  second  example  is  the  same  two  taps  of  the  same  transducer,  except  that  FlLL=True. 


3 . 7  Interface  with  the  Raytheon  Format 


3.7.1.  TAPE9 


The  output  of  Program  CONVERT  is  a  description  of  the  device  in 
the  Raytheon  format.  This  information  goes  on  TAPE9  and  can  either  be  a 
physical  nine  track  tape  or  a  temporary  disk  file, 

3.7.2  Coordinate  System  of  the  Raytheon  Format 

The  Raytheon  format  is  based  on  the  simple  coordinate  system  shown 
in  Figures  3.24  and  3.25. 

The  X=0  position  is  given  by  the  left  edge  of  the  leftmost 
finger.  The  Y=0  position  is  given  by  the  top  of  the  bottom  pad. 

The  units  used  along  the  X-axis  are  in  meters. 

The  Y-axis,  however,  is  scaled.  The  overlap  between  the  M=l/2  and 
M=-l/2  fingers  is  assumed  to  be  1.  The  Y=1  position  is  thus  given  by 
the  top  of  the  M=l/2  finger  minus  EXTRA,  where  EXTRA  is  the  distance 
between  the  M=l/2  finger  and  the  bottom  of  the  top  pad  (or  the  distance 
between  the  M=-l/2  finger  and  the  top  of  the  bottom  pad) .  The 
difference  between  "EXTRA"  and  "PADS"  is  that  "PADS"  is  that  distance 
in  real  units  (usually  meters)  where  as  EXTRA  is  the  scaled  distance. 
EXTRA  =  PADS/OVALAP  (where  OVALAP  is  the  length  in  real  units  of  the 
overlap  between  the  M=-l/2  and  M=l/2  fingers.  In  general,  the  real 
dimensions  of  the  comb  along  the  Y-axis  are  given  by  multiplying  the 
scaled  values  times  the  variable  OVALAP. 

A  possible  area  of  confusion  is  the  fact  that  the  printed  output 
of  CONVERT  gives  a  Raytheon  description  of  the  comb  based  on  a  dif¬ 
ferent  coordinate  system.  For  purposes  of  printed  output  Y=0  is 
defined  as  the  bottom  of  the  M=-l/2  element.  Everything  else  is  the 
same  (i.e.  X=0,  X  units,  and  Y  scale  factor  same  as  described  above). 

TAPE9  is  not  the  same  as  the  printed  output.  Do  not  get  confused 
by  thinking  they  are  the  same  format. 

3.7.3  Raytheon  Description  of  Single  Fingered  Elements 

The  Raytheon  format,  for  the  case  with  no  dummy  fingers,  simply 
gives  the  left  X  coordinate,  the  right  X  coordinate,  the  bus  bar  it  is 
connected  to,  the  Y  bottom  coordinate  and  the  Y  top  coordinate  for  each 
finger  in  the  comb.  Thus,  if  the  dimensions  of  the  comb  were  given  in 
meters,  and  one  graph  square  represented  one  millimeter,  then  the 


BUS  BAR 


X=0  is  the  left  edge  of  the  leftmost  finger.  Y=' 
is  given  by  the  top  of  the  botton  bus  bar.  Y-axis  is 
scaled.  X-axis  uses  real  units. 


YT0P2 


Raytheon  description 

of  the  comb 

in  Figure 

3.24  would 

be  as  follows: 

XLeft 

XRight 

Bus  Bar 

YBottom 

YTOP 

This  line  would 

0 

2E-3 

1 

1 

2.333 

not  actually  be 
written  on  TAPE9 

4E-3 

6E-3 

0 

0 

1.5 

8E-3 

lOE-3 

1 

.666 

2.333 

12E-3 

14E-3 

0 

0 

1.666 

16E-3 

18E-3 

1 

.833 

2.333 

20E-3 

22E-3 

0 

0 

1.333 

The  actual 

format  of 

these  values 

on  TAPE9 

would  be: 

E15.8,  E15.8.  12,  E15.8,  E15.8,  38(1H  ) 

3.7.4  Raytheon  Description  of  Double  Fingered  Elements 

The  Raytheon  format,  for  the  case  with  dummy  fingers,  gives  the 
left  X  coordinate,  the  right  X  coordinate,  the  number  "zero"  meaning 
the  next  two  coordinates  apply  to  the  bottom  bus  bar,  Y  coordinate  of 
bottom  of  finger  connected  to  bottom  bus  bar,  Y  coordinate  of  top  of 
finger  connected  to  the  bottom  bus  bar,  the  number  "one"  meaning  the 
next  two  coordinates  apply  to  the  top  bus  bar,  Y  coordinate  of  bottom 
of  finger  connected  to  top  bus  bar,  Y  coordinate  of  top  of  finger 
connected  to  top  bus  bar. 


Thus,  again  assuming  one  graph  square  represents  one  millimeter, 
and  dimensions  of  device  are  in  meters,  the  Raytheon  description  of  the 
comb  in  Figure  3.25  would  be  as  follows: 


XLeft 

(This 

XRight 
line  would 

Bus  Bar  YBot  YTOP 

not  actually  be  written  on 

Bus  Bar 
TAPE9) 

YBot 

YTop 

0 

2 

0 

0 

.666 

1 

1 

2.333 

4E-3 

6E-3 

0 

0 

1.5 

1 

1.833 

2.333 

8E-3 

lOE-3 

0 

0 

.333 

1 

.666 

2.333 

12E-3 

14E-3 

0 

0 

1.666 

1 

2 

2.333 

16E-3 

18E-3 

0 

0 

.5 

1 

.833 

2.333 

20E-3 

22E-3 

0 

0 

1.333 

1 

1.666 

2.333 
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The  actual  format  of  these  values  on  TAPE9  would  be: 


(E15.8,  E15.8,  12,  E15.8,  E15.8,  12,  E15.8,  E15.8,  6(1H  )) 

Thus,  in  either  case,  dummy  fingers  or  no  dummy  fingers,  a  100 
character  record  is  written  to  TAPE9. 

In  the  Raytheon  format  double  fingered  elements  are  handled  the 
same  way  as  single  fingered  elements.  That  is,  a  double  electrode  is 
not  treated  as  a  single  element,  but  rather  as  two  separate  fingers, 
the  coordinates  of  each  being  given  in  the  above-described  manner. 
(Note:  The  printed  output  of  CONVERT  distinguishes,  for  the  con¬ 
venience  of  the  user,  between  single  and  double  electrodes.  Do  not  get 
this  confused  with  the  Raytheon  format  on  TAPE9.) 

3.7.5  More  than  One  Comb  per  Device 

There  is  usually  more  than  one  comb  per  SAW  device.  When  this  is 
the  case  the  descriptions  of  the  combs  on  TAPE9  are  separated  by  end  of 
file  marks.  (There  is  a  maximum  of  five  combs  per  device.) 

3.7.6.  Namelist  $C0NVERT  Needed  to  Complete  Raytheon  Description 

TAPE9  alone  is  not  enough  to  fully  describe  a  SAW  device.  For 
example:  How  wide  are  the  bus  bars?  What  are  the  real  lengths  of  the 
fingers  (calculated  by  OVALAP)? 

The  $C0NVERT  namelist  is  needed  to  complete  the  description  of  the 
SAW  device.  The  $C0NVERT  namelist  is  stored  on  TAPE28.  The  write 
statement  used  to  store  the  namelist  is  simply  "Wri te( 28, CONVERT) " . 
Thus,  TAPE28  can  also  be  read  with  the  simple  statement 
"Read (28, CONVERT)",  assuming  of  course  that  the  $C0NVERT  namelist  is 
properly  defined  in  the  program  reading  TAPE28 . 

3.7.7  TAPE29 


For  use  by  various  programs  to  be  described  later  (HUGHES, 
HUGHESCHK) ,  the  title  cards  of  the  Ho[N]  or  Ho[NTAP]  and  ACT[M]  or 
TCA  [NTAP  ]  decks  are  stored  on  TAPE29.  Along  with  the  CONVERT  variables 
EXTRA,  DUMMY,  SINGLE,  FID  and  REV. 


64 


3.8 .  Conversion  Algorithms;  RADC  Standard  to  Raytheon 

The  conversion  from  the  RADC  standard  format  to  the  Raytheon 
format  is  a  fairly  straightforward  process.  There  are  four  possible 
cases . 

1)  Single  electrodes,  no  dummy  fingers. 

2)  Double  electrodes,  no  dummy  fingers. 

3)  Single  electrodes,  dummy  fingers. 

4)  Double  electrodes,  dummy  fingers. 

Examples  of  the  first  two  cases  will  be  shown.  Algorithms  for  all 
four  cases  will  be  given. 


3.8.1  Conversion  of  Single  Electrodes,  No  Dummy  Fingers  (See  Figure  3.26) 
YB[M]  =  Y  coordinate  of  bottom  of  M'th  finger 


YT[M]  =  Y  coordinate  of  top  of  M'th  finger 
XL[M]  *  X  coordinate  of  left  edge  of  M'th  finger 
XR[M]  =  X  coordinate  of  right  edge  of  M'th  finger. 
For  definitions  of  Wl,  W2  and  W3 ,  see  Section  3.4.3. 


The  scaled  distance  from  the  top  of  the  bottom  bus  bar  to  the 
bottom  of  the  M=-l/2  finger  is  called  EXTRA.  It  is  computed  by  the 
equation  EXTRA  =  PADS/OVALAP.  Both  PADS  and  OVALAP  are  on  the  $CONVERT 
namelist.  EXTRA  is  also  the  distance  from  the  bottom  of  the  top  bus 
bar  to  the  top  of  the  M=l/2  finger.  In  Figure  3.26,  EXTRA  =  2/3.  All 
fingers  touching  the  bottom  bus  bar  have  YB  coordinates  of  zero,  thus 


YB(-1.5)  =  0 

YB(.5)  =  0 

YB(2.5)  =  0 


All  fingers  touching  the 
(EXTRA),  thus. 


top  bus  bar  have  YT  coordinates  of  1  +  2 


YT(-2.5)  =  2.333 
YT(-.5)  «  2.333 
YT(1.5)  -  2.333 


The  rest  of  the  Y  coordinates  can  be  calculated  as  follows: 

YB(.5)  »  EXTRA  *  .666 
YT(.5)  »  YB(-.5)  +  Ho[0] 


1.666 


VI 


Has 


YB(1.5)  = 
YT(2.5)  = 
YT(-1.5)  = 
YB(-2.5)  = 


YT(.5) 

YB(1.5) 

YB(-.5) 

YT(-1.5) 


-  Holl] 

+  Ho[2] 

+  Ho[-l] 

-  Hot -2] 


=  .833 

=  1.333 

=  1.5 

=  1 


To  find  the  XL  coordinates  we  note  that  the  distance  "D"  from  the 
left  edge  of  the  M=-2.5  finger  to  the  center  of  the  zero' th  gap  is  as 
follows: 


D  =  _  aCT[-2.5]  =  llE-3 

Thus  for  all  M;  XL[M]  =  D  +  ACT[m]  -  WltM  /2j 


Thus  XL(-2.5)  =  0 

XL(-1.5)  =  4E-3 

XL(-.5)  =  8e-3 

XL(.5)  =  12E-3 

XL(1.5)  =  16E-3 

XL(2.5)  =  20E-3 


We  can  now  find  XR[M]  by  the  equation" 
XR[M]  =  XLtM]  +  WltM] 

Thus , 


XR(-2.5) 

= 

2E-3 

XR(-1.5) 

=s 

6E-3 

XR(-.5) 

lOE-3 

XR(.5) 

= 

14E-3 

XR(1.5) 

= 

18E-3 

XR(2.5) 

= 

22E-3 

To  generalize  this  case: 


A)  For  all  fingers  M,  touching  the  bottom  bus  bar: 


YBt  M]  =  0 

B)  For  all  fingers  M,  touching  the  top  bus  bar: 


YTtKj  =  1  +  (2)  (EXTRA) 


The  rest  of  the  Y-coordinates  can  be  figured  out  inductively 
(working  from  the  middle  out)  from  the  following  rules  (C  thru  J) . 

C)  YB(-.5)  =  EXTRA 

D)  YT(.5)  =  1  +  EXTRA 
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YB(1.5)  =  YT(.5)  -  Hofl]  =  .833 

YT(2.5)  =  YB(1.5)  +  Ho[2]  =  1.333 

YT(-1.5)  =  YB(-.5)  +  Ho[-l]  =  1.5 

YB(-2.5)  =  YT(-1.5)  -  Ho[-2]  =  1 

To  find  the  XL  coordinates  we  note  that  the  distance  "D"  from  the 
left  edge  of  the  M~-2.5  finger  to  the  center  of  the  zero' th  gap  is  as 
follows: 

wir-2  si 

D  =  ^  -  ACT[-2.5]  =  llE-3 

Thus  for  all  M;  XL[m]  =  D  +  ACT[M]  -  W1[M  /2] 

Thus  XL(-2.5)  =  0 

XL(-1.5)  =  4E-3 

XL(-.5)  =  8E-3 

XL(.5)  =  12E-3 

XL(1.5)  =  16E-3 

XL(2.5)  =  20E-3 

We  can  now  find  XR[M]  by  the  equation" 

XR[M]  =  XL[m]  +  W1[M] 

Thus , 


XR(-2.5) 

=  2E-3 

XR(-1.5) 

=  6E-3 

XR(-.5) 

=  lOE-3 

XR(.5) 

=  14E-3 

XR(1.5) 

=  18E-3 

XR(2.5) 

=  22E-3 

To  generalize  this  case: 

A)  For  all  fingers  M,  touching  the  bottom  bus  bar: 

YB[  M]  =  0 

B)  For  all  fingers  M,  touching  the  top  bus  bar: 

YT[M]  =  1  +  (2)  (EXTRA) 

The  rest  of  the  Y-coordinates  can  be  figured  out  inductively 
(working  from  the  middle  out)  from  the  following  rules  (C  thru  J) . 


C) 

YB(-.5) 

=  EXTRA 

D) 

YT(.5) 

*  1  +  EXTRA 
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E)  If  M  is  positive  and  finger  M  is  connected  to  the  same  bus  bar  as 
finger  (M-1)  then 

YT[M]  =  YT[M-1] 

YB[M]  =  Y3[M-1] 

F)  If  M  is  positive  and  finger  M  is  connected  to  the  top  bus  bar  and 
finger  (M-1)  is  connected  to  the  bottom  bus  bar 

YB[M]  =  YT[M-1J  -  HolM-1/2] 

G)  If  M  is  positive  and  finger  M  is  connected  to  the  bottom  bus  bar 
and  finger  (M-1)  is  connected  to  the  top  bus  bar 

YT[M]  =  YB[M-11  +  Ho[M-l/2] 

H)  If  M  is  negative  and  finger  M  is  connected  to  the  same  bus  bar  as 
finger  (M+1)  then 

yt[m]  =  YT[M+1] 

YB[M]  =  YB[M+1] 

I)  If  M  is  negative  and  finger  M  is  connected  to  the  top  bus  bar  and 
finger  (M+1)  is  connected  to  the  bottom  bus  bar 

YB[M]  =  YT[M+11  -  Ho[M+l/2] 

J)  If  M  is  negative  and  finger  M  is  connected  to  the  bottom  bus  bar 
and  finger  (M+1)  is  connected  to  the  top  bus  bar 

YT[M]  =  YB[M+ll  +  Ho[M+l/2] 

K)  Let  D  =  Wl[-NMIN-l/2]  -  ACT[-NMIN-l/2 ] 

2 

(-NMIN-1/2  is  equal  to  the  minimum  M  value  (see  Section  3.4.2). 

L)  XL[M]  =  D  +  ACT[M]  -  W1 [M  /2]  For  all  M 

M)  XR[M]  =  XL[M]  +  W1[M]  For  all  M. 

Note;  ACT[M]  values  may  be  explicitly  defined  by  an  ACT[M]  deck  or 
implicitly  defined  as  described  in  Section  3.4.5. 

3.8.2  Conversion  of  Double  Electrodes,  No  Dummy  Fingers  (See  figure  3.27) 

XL1[M]  =  X  coordinate  of  left  edge  of  left  finger  of  M'th  double 
electrode . 

XL2[M]  =  X  coordinate  of  left  edge  of  right  finger  of  M'th  double 
electrode . 
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BUS  BAR 


XRl[M] 


«  X  coordinate  of  right  edge  of  left  finger  of  M'th  double 
electrode. 

XR2[M]  *  X  coordinate  of  right  edge  of  right  finger  of  M'th  double 
electrode. 

To  find  the  YB[M]  and  YT[M]values  we  use  the  exact  same  algorithm 
as  described  in  Section  3.8.1. 

To  find  the  XLl,  XL2,  XRl  and  XR2  coordinates  we  note  that  the 
Distance  "D"  from  the  left  ede  of  the  M  =  -2.5  double  electrode  to  the 
center  of  the  zero'th  gap  is  as  follows: 

D  =  W2(-2.5)  +  -  ACT(-2.5)..  =  20E-3 

Thus  for  all  M 

XL1[M]  =  D  +  ACT[M]-  W2[M]  - 
XL2[M]  *  D  +  ACT[M]  + 

Thus, 


XLl(-2.5) 

=  0 

XL2(-2.5) 

=  3E-3 

XL1(-1.5) 

=  7E-3 

XL2(-1.5) 

=  lOE-3 

XLl(-.5) 

=  14E-3 

XL2(-.5) 

=  17E-3 

XLl (.5) 

=  21E-3 

XL2(.5) 

=  24E-3 

XLld.S) 

=  28E-3 

XL2(1.5) 

=  31E-3 

XL1(2.5) 

=  35E-3 

XL2(2.5) 

=  38E-3 

1  now  find  XR1[M]  and  XR2[M] 

by  the  following  equations 

XR1[M]  = 

XL1[M]  +  W2[M] 

XR2[Ml  = 

XL2[M]  +  W2[M] 

XRl(-2.5) 

-  2E-3 

XR2(-2.5) 

=  5E-3 

XR1(-1.5) 

-  9E-3 

XR2(-1.5) 

-  12E-3 

XRl(-.5) 

-  16E-3 

XR2(-.5) 

=  19E-3 
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XR1(.5) 

=  23E-3 

XR2( .5) 

*  26E-3 

XRKl.S) 

=  30E-3 

XR2(1.5) 

»  33E-3 

XR1(2.5) 

=  37E-3 

XR2(2.5) 

*  40E-3 

To  generalize, 

A)  Let  D  =  W2[-NMIN-l/2]  +  _  aCT[ -NMIN-1/2] 

(-NMIN-1/2  is  equal  to  minimum  M  value  (see  Section  3.4.2).) 

B)  XL1[M]  =  D  +  ACT[M]  -  W2[M]  -  for  all  M 

C)  XL2(M]  =  D  +  ACT[M]  +  for  all  M 

D)  XR1[M]  =  XL1(M]  +  W2IM]  for  all  M 

E)  XR2[M]  =  XL2[M]  +  W2[M]  for  all  M 

3.8.3 

All  the  coordinates  of  the  main  (electrically  active)  elements  can 
be  calculated  using  the  exact  same  algorithms  described  in  Sections 
3.8.1  and  3.8.2.  The  coordinates  of  the  dummy  elements  can  be  easily 
calculated  using  the  fact  that  the  scaled  distance  between  the  M* th 
main  and  dvimmy  fingers,  called  W3  gap,  is  equal  to  W3[M] /OVALAF. 

The  X  coordinates  of  the  dummy  finger  will  be  the  same  as  the  X 
coordinates  of  the  corresponding  main  finger.  To  find  the  YTop  coor¬ 
dinate  of  a  dummy  finger  connected  to  the  bottom  bus  bar,  simply 
subtract  W3  gap  from  the  YBottora  coordinate  of  the  corresponding  main 
finger.  To  find  the  Ybottom  coordinate  of  a  dummy  finger  connected  to 
the  top  bus  bar  simply  add  W3  gap  to  the  YTop  coordinate  of  the 
corresponding  main  finger. 


Conversion  of  Single  and  Double  Electrodes  that  Use  Dummy  Fingers 
(See  Figures  3.3,  3.4,  3.26  and  3.27) 
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3.9  Conversion  Algorithms;  RADC  Coded  to  Raytheon 


There  are  many  different  combinations  of  options  that  can  be  used 
with  coded  transducers.  In  each  parenthesis  below  one  of  the  options 
may  be  chosen. 


3x2x2x2x4x2  =  192  combinations. 


^^NGLE=^^F  Odd\ 

Actually  I  SINGLE=F  )[  J only  represents  five  possibilities 

\^NGAN=T  y  \NF  Even/ 

because  ENGAN*T,  NF*Even  is  illegal;  thus,  there  are  160  combinations. 

Obviously  all  160  algorithms  cannot  be  given.  The  generalized 
algorithm  for  handling  all  these  cases  is  quite  lengthy.  In  the 
following  section  (Section  3.9.1),  one  example  conversion  will  be  given. 

In  Section  3.9.2,  some  generalizing  principals  will  be  given.  It 
is  hoped  that  by  studying  Sectons  3.5,  3.8,  3.9.1  and  3.9.2,  the  reader 
will  be  able  to  understand  the  conversion  process  for  any  of  the  160 


3.9.1  Example  of  Conversion  of  Coded  Transducer  with  Single  Electrodes 

and  Wo  Dunmy  Fingers  (See  Figure  3.2fl) 

NTAP  =  The  number  of  the  tap. 

M  =  The  number  of  the  finger  of  the  tap  (counting  from  the 

left) . 

YB(NTAP,M)  *  The  Y  coordinate  of  the  bottom  of  the  M'th  finger  of  the 
NTAP'th  tap. 

YT(NTAP,M)  *  The  Y  coordinate  of  the  top  of  the  M'th  finger  of  the 
NTAP'th  tap. 

XL(NTAP,M)  *  The  X  coordinate  of  the  left  edge  of  the  M'th  finger  of 
the  NTAP'th  tap. 

XR(NTAP,M)  »  The  X  coordinate  of  the  right  edge  of  the  M'th  finger  of 
the  NTAP'th  tap. 


For  a  definition  of  EXTRA  see  Sections  3.6.4  (under  PADS)  and 
3.8.1. 
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TC  A 


TCA[-2]  =  21E-6  ^ 

TCA(-ll  =  -llE-6  H  l-l)  =  .714 

o 

TCA[0]  =  0  ^ 

TCA[1]  =  lOE-6  W  "  -71^ 


In  Figure  3.28,  EXTRA  »  .286 

All  fingers  touching  the  bottom  bus  bar  have  YB  coordinates  of 
zero,  thus. 


YB(-2,1) 

=  0 

YB(0,1)  »  0 

YB(-2,3) 

=  0 

YB(0,3)  =  0 

YB(-1,2) 

=  0 

YB(1,2)  =  0 

YB(-1,4) 

=  0 

YB(1,4)  =  0 

All 

fingers  touching  the  top 

bus  bar  have  YT  coordinates  of 

(EXTRA) ,  thus 

YT(-2,2) 

=  1.571 

YT(0,2)  =  1.571 

YT(-2,4) 

=  1.571 

YT(0,4)  =  1.571 

YT(-1,1) 

=  1.571 

YT(1,1)  =  1.571 

YT(-1,3) 

=  1.571 

YT(1,3)  =  1.571 

The 

rest  of  the 

Y-coordinates 

can  be  calculated  as  follows: 

By  definition  of  EXTRA:  YB(0,2)  =  EXTRA  =  .286 

YB(0,4)  =  EXTRA  =  .286 

The  overlap  in  the  zero'th  tap  is  always  1,  thus 

YT(0,1)  =  1  +  EXTRA  =  1.286 
YT(0,3)  =  1  +  EXTRA  =  1.286 

The  two  elements  facing  each  other  of  two  consecutive  taps  are 
always  the  same  length  (see  Section  3.5.1). 

Thus 

YB(1,1)  =  YB(0,4)  =  .286 
YB(1,3)  =  YB(1,1)  =  .286 

YT(1,2)  =  YB(1,1)  +  Ho[l]  *  .286  +  .714  =  1 
YT(1,4)  =  YT(1,2)  =  1 

The  two  elements  facing  each  other  of  two  consecutive  taps  are  of 
equal  length,  thus 

YT(-1,4)  =  YT(0,1)  =  1.286 
YT(-1,2)  =•  YT(-1,4)  -  1.286 

YB(-1,1)  *  YT(-1,2)  -  Ho(-I]  =  1.286  -  .714  =  .571 

YB(-1,3)  »  YB(-1,1)  =  .571 

Facing  elements  of  two  consecutive  taps  have  the  same  length,  thus 

YB(-2,4)  =  YB(-1,1)  =  .571 
YB(-2,2)  =  YB(-2,4)  »  .571 

YT(-2,1)  =  YB(-2,2)  +  Ho[-2]  «  .571  +  .428  =  1 
YT(-2,3)  =  YT(-2,1)  -  1 
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To  find  the  XR  coordinates  we  note  that 

XR(NTAP,M)  -  XL(NTAP,M)  +  1  for  all  N'^A?  and  M 
3.9.2  Some  General  Principals  for  Conversion  cf  Coded  Transducers 

The  Y-Bottom  and  Y-Top  coordinates  can  be  found  by  first  finding 
these  coordinates  for  the  zero'th  tap,  and  then  using  the  Ho[NTAP] 
values  plus  the  fact,  that  facing  elements  of  two  consecutive  elements 
are  equal,  to  find  all  the  other  Y-Bottom  and  Y-Top  coordinates. 

To  find  the  XL  coordinates,  first  find  the  distance  "D"  between 
the  left  edge  of  the  comb  (X  -  0  at  this  point)  and  the  center  of  the 
zero'th  tap. 

For  taps  with  AOD-0,  FILL^F,  CXARR=F,  and  LEVER=F,  "D"  can  be 
calculated  as  follows: 

2(NF)-1 

D  *  -TCA[-NTAPMIN]  +  (Wl)  NF  =  Even  or  Odd 

2  Even  number  of  taps 

Single  Electrodes 

D  =  -TCA[-NTAPMIN]  +  (11/2) (Wl)  NF  =  Even 

Odd  Number  of  Taps 
Single  Electrodes 

D  =  -TCA[-NTAPMIN]  +  (1/2)(W1)  NF  =  Odd 

Odd  Number  of  Taps 
Single  Electrodes 

2(NF)-1 

0  »  -TCA[-NTAPMIN]  +  (NF)(W2)  +  (Wl)  NF  =  Even  or  Odd 

2  Even  Number  of  Taps 

Double  Electrodes 

D  -  -TCA [-NTAPMIN ]  +  (2)(W2)  +  (1  1/2)(W1)  NF  =  Even 

Odd  Number  of  Taps 
Double  Electrodes 

D  -  -TCA  [-NTAPMIN  ]  +  W2  +  (1/2) (Wl)  NF  =  Odd 

Odd  Number  of  Taps 
Double  Electrodes 

Note:  NF  ■  Number  of  Elements  per  tap,  not  number  of  fingers. 

We  can  now  calculate  DTAP  [NTAP] 

DTAP[NTAP]  -  D  +  TCAINTAP] 
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The  left  and  right  coordinates  (XL  and  XR)  of  any  finger  in  the 
NTAP'th  tap  can  now  be  found  by  adding  or  subtracting  the  appropriate 
multiples  of 

^  and  to  DTAPtNTAP] 

For  taps  with  various  options  such  as  CARR,  LEVER,  FILL,  ENGAN  or 
ADD  the  coordinates  of  the  added  fingers  are  found  by  applying  the 
rules  of  these  options  to  the  values  of  Wl,  W2  and  EDG2EDG. 
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3 . 10  Example  Input  Setups  for  Program  CONVERT 

For  each  comb  there  are  seven  possible  input  formats  (see  Section 
3.2).  They  are : 

A)  Ho[N]  deck  followed  by  ACT[M]  deck  (RADC  Standard  Format) 

B)  Ho[N]  deck  alone  (RADC  Standard  Format) 

C)  ACT[  M]  deck  alone  (RADC  Standard  Format) 

D)  HoiNTAP]  deck  followed  by  TCA[NTAPl  deck  (RADC  Coded  Format) 

E)  !io[NfAPj  deck  alone  (RADC  Coded  Format) 

F)  TCA[NTAP]  deck  alone  (RADC  Coded  Format) 

G)  The  Null  Set  (no  decks)  (RADC  Coded  Format) 

The  first  card  of  a  CONVERT  input  setup  may  either  be  a  title  card 
containing  any  message  up  to  80  characters  long  (to  appear  in  output 
listings  and  plots)  or  the  $C0NVERT  namelist.  The  title  card  is 
optional . 

Title  cards  for  the  Ho[N],  Ho[NTAP3,  ACT[M]  and  TCA[NTAP1  decks 
are  not  optional.  They  are  a  mandatory  part  of  the  above  decks. 


!> 
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combs,  All  Format  A 


Optional  Title  Card 

$CONVERT  Namelist 

Ho[N]  Deck 

789  Card 

ACT[M]  Deck 

789  Card 

Ho[Nl  Deck 

789  Card 

ACT [Ml  Deck 

789  Card 

Ho[n]  Deck 

789  Card 

ACT[M]  Deck 

789  Card 
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3.10.2  Two  Combs,  Formats  B  and  C 


Optional  Title  Card 


$C0NVERT  Namelist 


Ho[  N]  Deck 


789  Card 


789  Card 


789  Card 


ACT[M]  Deck 


789  Card 
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Formats  D.  E.  F,  G 


3.10.5  General  Rules 


There  are  always  twice  as  many  789  cards  as  the  number  of  combs. 

A  789  card  follows  every  Ho[n1 ,  ACT[M] ,  Ho[NTAP]  and  TCA[NTAP]  deck. 

If  one  of  these  decks  is  left  out  the  789  card  is  still  included.  One 
can  think  of  it  in  the  following  way. 

For  each  comb  there  is  either  an  Ho[n]  or  Ho[NTAP]deck  followed  by 
either  an  ACT[M]  or  TCA[NTAP]deck.  Every  deck  ends  with  a  789  card. 
Sometimes  this  789  card  is  the  only  card  in  the  deck. 


4.0  PROGRAM  COHVXY 


4.1  Introduction 

Program  CONVXY  is  basically  a  more  versatile  version  of  program 
CONVERT.  Program  CONVERT  is  designed  to  work  in  conjunction  with 
programs  ELECTRO  and  HUGHES  (among  others).  Program  CONVXY  is  de¬ 
signed  to  work  in  conjunction  with  programs  ELECTROXY  and  HUGHESXY 
only.  Most  of  what  applies  to  program  CONVERT  (see  Chapter  3.0) 
also  applies  to  program  CONVXY,  thus  only  the  differences  between 
these  two  programs  will  be  covered  in  this  section.  Except  for  the 
differences  described  in  this  section,  the  description  in  Section 
3.0  applies  to  CONVXY  as  well  as  to  CONVERT. 

4.2  CONVXY  vs  CONVERT:  Differences  from  a  User's  Point  of  View 


4.2.1  More  COMBS  Allowed  Per  Device 


Program  CONVERT  allows  a  maximum  of  five  combs  per  device 
(1  ^  NCOMBS  ^5).  Program  CONVXY  allows  a  maximum  of  sixteen  combs 
per  device  (1  _<  NCOMBS  ^  16).  As  in  program  CONVERT  there  must  be 
a  set  of  cards  for  each  comb  (see  Section  3.2).  Default  Value: 
NCOMBS  =  2. 

4.2.2  Variables  OVALAP,  PADS  May  Vary  From  Comb  to  Comb 

In  program  CONVERT  the  variables  PADS  and  OVALAP  from  the 
$C0NVERT  namelist  are  not  arrays  and  do  not  vary  from  comb  to  comb. 
In  other  words  in  program  CONVERT  all  combs  have  the  same  vertical 
distance  between  pads  (OVALAP  +  2*PADS).  In  program  CONVXY  these 
variables  are  arrays  in  which  the  width  of  each  comb  may  vary  the 
vertical  distance  between  pads  of  the  I'th  comb  being  (OVALAP(l)  + 
2*PADS(I)) . 

Default  Values: 

OVALAP(I)  =  500. E-6 

PADS  (I)  10. E-6  For  I  -  1  to  16 

4.2.3  REVERSE(16)  is  a  New  $CONVERT  Namelist  Variable 


In  program  CONVERT  some  of  the  combs  are  automatically  reversed 
according  to  the  rules  described  in  Section  3. 4. 6. 3.  In  program 
CONVXY  the  user  decides  which,  if  any,  of  the  combs  are  to  be  re¬ 
versed. 

If  REVERSE(I)  =  .False.  then  the  I'th  comb  is  not  reversed. 

If  REVERSE(l)  *  .True.  then  the  I'th  comb  is  reversed. 

REVERSE  is  a  logical  variable. 

DEFAULT:  REVERSE  «  F,F,F,F,F,F,F,F,F,F,F,P,F,F,F,F 


4.2.4  NMIND(16)  and  NMAXD(16)  are  New  $CONVERT  Namelist  Variables 

The  variables  NMIND(16)  and  NMAXD(16)  allow  the  user  to  fabri¬ 
cate  an  RADC  standard  format  type  comb  with  neither  an  Ho[N]  deck 
nor  an  ACT  [M  ]  deck.  Rules  for  using  these  variables  follow: 

A)  If  the  user  does  not  intend  to  use  this  option,  just  ignore 
these  variables.  The  program  will  supply  default  values  of 
500  which  will  be  ignored.  The  actual  number  of  fingers  will 
be  determined  from  either  the  Ho  [N  ]  deck  or  the  ACT  [M  ]  deck, 
or  both,  just  as  it  does  in  program  CONVERT  (see  Section 
3.4.4).  Note:  If  either  an  ACT  pi  ]  deck  or  an  Ho  |N  ]  deck  is 
used,  then  NMIND  and  NMAXD  must  equal  500  (the  default  value). 

B)  If  a  comb  is  being  fabricated  with  the  RADC  coded  format,  ig¬ 
nore  these  variables  (Note:  The  Default  values  of  500  must  be 
used) . 

C)  If  the  user  wants  the  I'th  comb  to  be  fabricated  with  neither 
an  Ho  [N  ]  nor  an  ACT  (M  1  deck  then  set 

NMIND  [I  ]  =  The  number  of  gaps  before  the  zero'th  gap. 

A  positive  number 

NMAXD  [I  ]  =  The  number  of  gaps  after  the  zero'th  gap. 

A  positive  number 

Once  the  number  of  fingers  (or  gaps)  have  been  calculated 
the  rest  of  the  transducer  specifications  are  calculated  ac¬ 
cording  to  the  rules  in  Section  3.4.4. 

D)  If  the  user  wants  to  devise  a  multi-comb  device,  some  combs 
being  described  by  actual  physical  decks,  others  using  the 
method  described  above,  then  the  values  of  NMIND  and  NMAXD  for 
the  combs  made  from  physical  decks  should  be  500  (their  de¬ 
fault  values). 

Example:  (See  Figure  4.1).  One  wants  to  fabricate  a  five 
comb  device  where  the  second  and  fourth  combs  are  fabricated 
without  physical  decks,  but  using  the  RADC  standard  format. 
Assime  the  second  and  fourth  combs  are  symmetrical  around  the 
zero'th  gap  and  both  have  ten  fingers.  The  first,  third  and 
fifth  combs  are  fabricated  from  physical  decks,  thus 

NMIND  «  500,  4,  500,  4,  500 

NMAXD  =  500,  4,  500,  4,  500 
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The  deck  setup  might  look  as  follows: 

(Combs  1,  3  and  5  could  have  any  of  the  formats  described  in 
Section  3.2.) 

Job  Card 


Control  Cards 


789 


Convert  Title  Card 


$CONVERT  Namelist 


NMAXD  =  500,  4,  500,  4,  500,  NCOMB  *  5 

NMIND  =  500,  4,  500,  4,  500 

(and  any  other  namelist  options  the  user 

includes) 


Ho  [N  ]  Title  Card 
Ho  In  ]  Deck 

789 

ACT  frl  ]  Title  Card 
ACT  pi  ]  Deck 
789 


COMB  1 


789 

789 


COMB  2 
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Ho[n] 

Ho[nJ 

789 

789 

789 

789 

789 

act[m] 

actIm] 

789 


Title  Card 

Deck 


Title  Card 

Deck 


COMB  3 


COMB  4 


COMB  5 


NOTE:  A  comb  may  also  be  described  using  no  physical  decks  by 
using  the  RADC  coded  format  (see  Sections  3.2.6,  3.3.3). 


If  the  I'th  comb  is  described  using  a  coded  format,  (i.e. 
CODEC  I)  *  True)  then  let 


NMIND(I)  =  300 
NHAXD(I)  >  300 


(defaults) 


for  any  form  of  the  RADC  coded  format  you  use. 

4.3  CONVXY  vs.  CONVERT  Differences  from  a  Programmer's  Point  of  View 

Programs  CONVERT  and  CONVXY  are  both  almost  always  run  in  con¬ 
junction  with  at  least  one  other  program.  They  are  seldom,  if  ever, 
run  by  themselves.  Programs  CONVXY  and  CONVERT  communicate  to  other 
programs  through  three  files.  These  files  are  the  only  means  of 
comsMinication. 

1 
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4.3,1  TAPE9 


TAPE9  can  be  either  a  temporary  disk  file  or  an  actual  physical 
nine  track  tape  (see  Sections  3.7.1,  3.7.5).  The  format  of  the  data 
on  TAPE9  is  the  same  for  both  CONVERT  and  CONVXY.  The  only  dif¬ 
ference  is  that  with  CONVERT,  TAPE9  has  a  maximum  of  five  sets  of 
data  (one  set  for  each  comb),  each  set  being  separated  by  an  end  of 
file  mark.  With  CONVXY,  TAPE9  has  a  maximum  of  sixteen  sets  of 
data,  each  separated  by  and  end  of  file  mark. 

4.3.2  TAPE28 

Usually  a  temporary  disk  file  (see  Section  3.7.6),  The  vari¬ 
ables  OVALAP  and  PADS  (on  the  $CONVERT  namelist)  have  been  changed 
to  arrays.  The  variables  NMIND,  NMAXD  and  REVERSE  have  been  added 
to  the  $CONVERT  namelist.  Thus,  if  the  programmer  wishes  to  use  the 
same  method  described  in  Section  3.7,6  to  read  and  write  to  TAPE28, 
one  must  make  sure  that  the  $CONVERT  namelist  is  consistently 
defined  in  all  the  interfacing  programs. 

4.3.3  TAPE29 

TAPE29  is  usually  a  temporary  disk  file  (see  Section  3.7.7), 

The  format  of  the  data  on  TAPE29  is  the  same  for  both  CONVERT  and 
CONVXY.  The  only  difference  is  that  with  CONVERT,  TAPE29  has  a  maxi¬ 
mum  of  five  sets  of  data  (not  separated  by  end  of  file  marks) .  With 
CONVXY  TAPE29  has  a  maximum  of  sixteen  sets  of  data  (not  separated 
by  end  of  file  marks). 

f 
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5.0  SPECIFYING  A  SAW  DEVICE  MASTER  (STEP  AND  REPEAT  MACHINE) 


5.1  IntroducCion 


The  programs  described  in  this  chapter  were  originally  designed 
to  interface  with  equipment  and  procedures  at  Hughes  Aircraft  Com¬ 
pany.  However,  these  programs  should  be  able  to  be  used,  with 
slight  modification,  with  any  E'ectromask  Step  and  Repeat  Machine. 
The  purpose  of  these  programs  is  to  produce  printed  output,  plotted 
output,  and  magnetic  tapes  that  allow  the  Hughes  Company  to  produce 
a  glass  "Master",  and  to  allow  both  the  Hughes  Company  and  the 
device  engineers  to  verify  the  correctness  of  the  finished  master. 

A  "Master"  is  a  photographic  piece  of  glass  with  a  picture  of 
the  pattern  that  the  device  engineer  eventually  wants  in  the  form  of 
a  metal  pattern  on  a  piezoelectric  crystal.  For  the  negative  master 
case,  where  the  glass  is  clear  there  will  be  metal  in  the  final 
pattern  and  where  the  glass  is  opaque  there  will  be  no  metal.  The 
size  of  the  pattern  on  the  master  is  not  necessarily  the  same  size 
as  the  metal  pattern  on  the  finished  piezoelectric  crystal.  Often 
the  pattern  on  the  glass  master  is  magnified  by,  for  example,  ten 
times  the  final  size.  A  photographic  technique  is  then  used  to 
transform  the  pattern  on  the  master  to  a  physical  metal  pattern,  of 
the  correct  size,  on  a  piezoelectric  crystal. 

The  steps  in  producing  a  finished  Surface  Acoustic  Wave  (SAW) 
device  are  as  follows: 

A)  The  device  engineer  describes  any  device  using  one  of  the 
RADC  formats  (see  Section  3.0,  program  CONVERT). 

B)  This  format  is  used  as  input  to  program  CONVERT,  which 
produces  as  output,  a  description  of  the  SAW  Device  in 
the  Raytheon  Format. 

C)  The  Raytheon  Format,  along  with  some  other  device  speci¬ 
fications,  is  used  as  input  to  program  HUGHES.  Program 
HUGHES  produces  printed  output  and  a  magnetic  tape.  This 
magnetic  tape  contains  the  instructions  that  will  even¬ 
tually  be  used  by  the  Hughes  Step  and  Repeat  Machine  to 
produce  a  glass  master. 

D)  The  magnetic  tape  is  used  as  input  to  program  HUESCHK. 
HUESCHK  is  a  simulation  program  that  simulates  the  Step 
and  Repeat  Machine  at  Hughes.  As  output  it  produces  a 
plotted  picture  of  the  master. 
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E)  The  device  engineer  looks  at  the  plotted  picture  of  the 
master  to  make  sure  it  is  what  one  expects.  If  the 
device  has  been  incorrectly  described,  or  the  magnetic 
tape  is  faulty,  the  problems  will  hopefully  be  detected 
at  this  point. 

F)  The  magnetic  tape  is  run  on  an  IBM  computer  at  MITRE  to 
eliminate  an  incompatibility  between  the  tape  formats 
used  on  the  CDC  6600  computing  system  at  Hanscom  Air 
Force  Base  and  the  computers  used  at  the  Hughes  Company. 

G)  The  magnetic  tape,  the  printed  output  from  program 
HUGHES,  and  the  plotted  picture  from  program  HUESCHK,  are 
sent  to  the  Hughes  Company.  Here,  using  a  duplicated 
version  of  the  magnetic  tape  and  some  parameters  from  the 
printed  output  as  input  to  the  Step  and  Repeat  machine, 
they  produce  a  glass  master. 

H)  The  Hughes  Company  compares  the  glass  master  to  the 
plotted  picture  and  to  information  from  the  printed 
output.  If  they  are  satisfied  that  no  problems  exist 
with  the  glass  master,  they  send  it  to  the  device 
engineers  (RADC) . 

I)  The  device  engineers  verify  the  correctness  of  the  glass 
master. 

J)  A  direct  optical  projection  technique  is  used  to  produce 
the  final  SAW  device  as  a  metal  pattern  on  a  piezo¬ 
electric  crystal. 

Program  HUGHESXY  and  program  HUESCHKTEK  are  the  other  two  pro¬ 
grams  described  in  this  section.  Program  HUGHESXY  is  a  more  versa¬ 
tile  version  of  program  HUGHES.  Program  HUESCHKTEK  is  similar  to 
program  HUESCHK  except  it  produces  a  picture  on  the  Tektronix 
machine  instead  of  the  CALCOMP  plotter. 
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5.2  Program  HUGHES 
5.2.1  Introduction 


Program  HUGHES  accepts  as  input  the  Raytheon  Format  from  pro¬ 
gram  CONVERT,  and  the  $HUGHES  namelist.  The  program  produces 
printed  output  to  be  used  by  the  operators  at  the  Hughes  Company  and 
a  magnetic  tape  that  gives  instructions  to  the  Hughes  Step  and  Re¬ 
peat  Machine.  The  printed  output  and  the  magnetic  tape  are  all  the 
Hughes  Company  needs  to  produce  the  glass  master  (as  described  in 
Section  5.1). 

5.2.2  The  Hughes  Step  and  Repeat  Machine  (manufactured  by  electromask) 

The  Hughes  Step  and  Repeat  Machine  functions  as  follows: 

A  blank  phothographic  glass  master  is  locked  into  place  on  the 
Step  and  Repeat  Machine.  As  part  of  the  machine  there  is  a  replace¬ 
able  metal  plate  with  a  hole  in  it.  The  hole  is  known  as  the 
reticle.  The  size,  shape,  and  placement  of  the  reticle  on  the  metal 
plate  is  specified  by  the  user.  For  the  purposes  of  program  HUGHES, 
however,  the  shape  is  always  rectangular  and  placed  in  the  center  of 
the  metal  plate.  The  metal  plate  is  parallel  to  and  directly  above 
the  glass  master.  When  the  center  of  the  reticle  is  above  the  lower 
left  corner  of  the  glass  master  the  coordinate  position  of  the  metal 
plate  is  defined  to  be  (0,0). 

According  to  instructions  from  a  magnetic  tape,  the  machine  may 
reposition  the  reticle  anywhere  above  the  glass  master.  The  mag¬ 
netic  tape  may  also  tell  the  machine  to  "Flash".  That  is,  a  light 
comes  on  and  shines  through  the  reticle  exposing  the  master  directly 
below  the  reticle.  The  exposed  area  will  be  the  exact  reduced 
shape  and  size  of  the  reticle.  Eventually  the  glass  master  will  be 
chemically  treated  and  all  "flashed"  areas  become  clear.  Another 
instruction  from  the  magnetic  tape  may  cause  the  machine  to  pause  so 
that  the  operator  may  change  the  reticle  size  (by  changing  the  metal 
plate).  When  detailed  lines  or  shapes  are  required,  a  small  reticle 
is  used.  When  large  areas  of  the  master  are  to  be  erased  a  large 
reticle  is  used.  The  different  reticles  must  be  requested  and  "cut 
out"  in  advance.  The  magnetic  tape  only  tells  the  machine  when  to 
pause.  The  operator  must  have  separate  information  (in  the  form  of 
printed  computer  output  for  example)  that  tells  him  what  reticle  to 
use.  The  information  might  look  as  follows:  (hypothetically) 


Start : 

Use 

.3 

X 

10-4 

X  .1 

X 

10-2 

reticle 

Pause 

1: 

Use 

.3 

X 

10-4 

X  .3 

X 

10-4 

reticle 

Pause 

2: 

Use 

.2 

X 

10-2 

X  .2 

X 

10"2 

reticle 
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5.2.3  Magnetic  Tape  Format 


The  tape  format  necessary  to  run  the  Step  and  Repeat  Machine 
is  as  follows: 

A)  The  tape  is  9  track,  800  bits  per  inch,  odd  parity  written  in 
fixed  records  of  798  bytes.  The  tape  is  coded  in  EBCDIC. 

B)  The  tape  must  be  a  "No  Label"  tape.  That  is,  there  must  be  no 
introductory  material  such  as  title  of  job,  coding  instruc¬ 
tions,  etc.  The  tape  must  start  immediately  with  the 
instruction  format  described. 

C)  The  first  character  of  each  record  is  the  single  quote  ('). 

D)  The  last  non-blank  character  in  each  record  is  a  period  (.). 
Each  record  has  exactly  one  period.  If  the  period  is  not  the 
798 'th  character  of  the  record,  then  the  remaining  characters 
of  the  record  must  be  blank. 

E)  The  character  "X",  followed  by  from  one  to  seven  digits, 
specifies  the  X  position  of  the  center  of  the  metal  plate 
(containing  the  reticle).  The  character  "Y",  followed  by  from 
one  to  seven  digits,  specifies  the  Y  position  of  the  center  of 
the  plate.  These  digit  sequences  may  represent  either  units 
of  laser  counts  or  10~7  meters  (an  operator  option,  that 

must  be  consistent  with  the  software  used  to  produce  the 
magnetic  Cape).  Program  HUGHES  is  capable  of  using  either  set 
of  units;  however,  laser  counts  have  been  adopted  as 
standard.  There  are  321,103  laser  counts  per  inch.  Thus,  the 
command  X765432,  for  example,  would  place  the  reticle  about 
2.38  inches  to  the  right  of  the  origin  (i.e.,  a  horizontal 
distance  of  2.38  inches). 

The  X  or  Y  character  sequences  described  above  must  never 
cross  record  boundaries.  Also,  they  may  never  end  as  the 
798 'th  character  of  a  record  since  the  last  non-blank 
character  of  a  record  must  be  a  period. 

F)  The  character  "s"  (followed  by  no  digits)  tells  the  machine  to 
"Flash".  Flashing  i:)  described  in  Section  5.2.2. 

G)  The  character  "Z"  (followed  by  no  digits)  tells  the  machine  to 
pause.  The  Z  command  is  used  to  both  end  the  job  (the  master 
being  complete)  or  to  allow  the  operator  to  change  reticles. 
The  operator  must  manually  restart  the  machine  following  a 
reticle  change.  Not  all  records  contain  a  Z  command;  however 
no  record  ever  contains  more  than  one  Z  command.  The  Z  com¬ 
mand,  when  it  is  given,  must  always  be  the  second  to  last 
non-blank  character  in  a  record  (the  last  non-blank  character 
being  a  period).  Thus,  each  new  reticle  must  start  a  new 
record. 
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The  hardware  used  on  the  CDC  6600  computer  at  Hanscom  AFB  does 
not  allow  tapes  to  have  798  characters  per  record.  Instead  tapes 
with  800  characters  per  record  are  used.  The  magnetic  tapes  created 
contain  798  valid  characters  per  record  followed  by  two  blank 
(filler)  characters.  The  tJipe  is  now  taken  to  MITRE  where  hardware 
is  available  to  handle  both  tapes  with  798  characters  per  record  and 
tapes  with  800  characters  per  record.  Here  the  CDC  generated  tape 
(with  800  characters  per  record)  is  copied  onto  a  new  tape  (with  798 
characters  per  record)  discarding  the  last  two  characters  of  all  the 
800  character  records.  It  is  this  new  tape  that  is  actually  sent  to 
Hughes.  (See  Figure  5.1  for  an  example  of  several  records  written  on 
a  magnetic  tape) . 

5.2.4  Input  to  Program  HUGHES 

Input  to  program  HUGHES  consists  of  TAPE9,  TAPE28,  TAPE29,  and 
the  $HUGHES  namelist. 

5.2.4. 1  TAPE9 


TAPE9  is  usually  a  temporary  disk  file  (created  by  program 
CONVERT) .  TAPE9  contains  a  Raytheon  description  of  the  SAW  device 
to  be  fabricated.  The  format  of  TAPE9  is  discussed  in  Section  3.7. 

5. 2. 4. 2  TAPE28 


TAPE28  is  usually  a  temporary  disk  file  (created  by  program 
CONVERT).  TAPE28  contains  the  values  of  the  $C0NVERT  namelist. 

Many  of  the  variables  on  the  ^CONVERT  namelist  are  also  needed  by 
program  HUGHES.  Rather  than  have  the  user  input  these  values  again, 
they  are  passed  to  program  HUGHES  via  TAPE28.  The  $C0NVERT  namelist 
is  described  in  Section  3.6.  TAPE28  is  also  discussed  in  Section 
3.7.6.  The  variables  needed  from  program  CONVERT  are  NCOMBS, 

OVALAP,  PADS,  Wl,  W2 ,  W3,  DUMMY,  and  SINGLE.  Their  part  in  the 
fabrication  of  the  glass  master  will  be  discussed  in  the  following 
sections . 

5. 2. 4. 3  TAPE29 


TAPE29  is  usually  a  temporary  disk  file  (created  by  program 
CONVERT).  As  in  the  case  of  TAPE28,  TAPE29  contains  certain  in¬ 
formation  from  program  CONVERT.  TAPE29  contains  the  title  card  of 
each  Ho[N],  Ho[NTAP] ,  ACT[M] ,  or  TCA[NTAP]deck  inputed  into  program 
CONVERT.  TAPE29  also  contains  the  variables  EXTRA,  DUMMY,  SINGLE, 
FID,  and  REV.  Only  the  title  cards  and  the  variables  FID  and  REV 
are  read  by  program  HUGHES.  FID  and  REV  are  both  arrays,  one  value 
of  each  array  is  used  for  every  comb  in  the  SAW  device. 

REV  is  a  logical  array.  If  REV(I)  “  .False,  then  the  I'th  comb 
is  printed  on  the  glass  master  in  the  same  order  as  defined  by  the 
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Figure  5 . 1  Tape  Records  Created  by  Program  HUGHES 
(After  Processing  on  IBM  Equipment) 


original  deck  setup  of  program  CONVERT  (i.e.  the  Ho[N],  ACT(M],  Ho[NTAP] 
or  TCA[NTAP]deck8) .  If  REV(I)  =  .True,  then  the  I'th  comb  is  reversed 
on  the  glass  master  (see  Section  3.4. 5.6). 

FID(I)  is  the  distance  from  the  left  edge  of  the  left  finger  to  the 
center  of  the  zero' th  gap  of  the  I'th  comb.  NOTE:  In  an  asymmetrical 
comb  FID(I)  will  vary  depending  on  whether  REV(l)  is  true  or  false. 

5. 2. 4. 4  Namelist  $HUGHES 


Namelist  $HUGHES  contains  variables  that  define  additional  specifi¬ 
cations  of  the  glass  master.  These  variables  will  be  discussed  in  the 
following  sections. 

5. 2. 4. 5  Hughes  Title  Card 

The  Hughes  Title  Card  goes  right  before  the  $HUGHES  namelist  in  the 
input  deck  setup.  The  first  4  characters  of  this  card  may  be  any  alpha¬ 
numeric  characters.  The  5'th  and  6'th  characters  must  be  digits.  All 
other  characters  may  be  any  valid  character.  The  first  six  characters 
(actually  flashed  onto  the  glass  meter)  are  used  as  the  label  name  on 
the  glass  master.  Remaining  characters  are  for  user  information  on  the 
printed  output.  However,  in  a  special  application,  program  LETTER 
extracts  pertinent  characters  from  the  title  card  for  use  as  described 
in  Section  11.3 

5.2.5  Output  of  Program  HUGHES 

The  output  of  program  HUGHES  consists  of  TAPE49,  TAPE50,  and 
printed  output. 

5. 2. 5.1  TAPE49 


TAPE49  contains  the  instructions  to  the  Hughes  Step  and  Repeat 
Machine.  TAPE49  is  a  physical  tape  as  described  in  Section  5.2.3. 

5. 2. 5. 2  TAPE50 


TAPE50  is  usually  a  temporary  disk  file.  TAPE50  contains  the 
reticle  sizes  to  be  used  by  the  Hughes  Step  and  Repeat  Machine  in  the 
fabrication  of  the  SAW  device.  TAPE50  is  used  by  the  HUESCHK  (Step  and 
Repeat  Machine  simulation)  program.  (The  reticle  sizes  are  sent  to  the 
Hughes  Step  and  Repeat  Machine  operators  via  printed  output.) 

5. 2. 5. 3  Printed  Output 

The  printed  output  from  program  Hughes  contains: 

A)  A  printout  of  the  records  on  TAPE49  similar  to  Figure  5.1. 
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B)  A  page  containing  the  reticle  sizes  to  be  used  in  the  fabri¬ 
cation  of  the  SAW  device.  The  dimensions  specified  for  these 
reticles  are  at  the  deliverable  master  size;  the  mask  maker 
must  adjust  these  upward  depending  on  the  reduction  factor 
used  in  the  step  and  repeat  process.  TAPE49  and  this  page  are 
all  the  Hughes  Company  needs  to  fabricate  the  SAW  device. 

C)  A  page  containing  the  final  values  of  important  variables  in 
program  HUGHES.  This  page  is  used  by  the  programmer  to  help 
verify  the  software  part  of  the  fabrication  process. 

D)  a  page  containing  a  physical  description  of  what  the  glass 
master  should  look  like,  useful  to  the  people  at  Hughes  and 
the  engineers  at  RADC,  to  help  verify  the  final  product. 

5.2.6  Fabrication  Specifications  of  the  Glass  Master 

5. 2. 6.1  Introduction 


Many  of  the  specifications  for  fabricating  the  glass  master 
(usually  two  inches  by  two  inches),  such  as  the  number  of  fingers 
per  comb,  relative  OVALAP  of  fingers,  relative  distance  of  fingers 
from  each  other,  finger  widths,  etc.,  come  from  the  Raytheon  Format 
on  TAPE9. 

Other  specifications,  such  as  the  actual  maximum  overlaps  of 
the  combs,  the  number  of  combs,  etc.,  come  from  TAPE28,  containing 
the  $CONVERT  namelist. 

The  master  name  label  comes  from  the  Hughes  Title  Card  as  des¬ 
cribed  in  Section  5. 2. 4. 5. 

Still  other  master  specifications,  such  as  the  placement  of  the 
combs  on  the  master,  size  of  the  pads,  magnification  factor,  etc., 
have  not  yet  been  discussed. 

Some  of  the  remaining  specifications  are  defined  according  to 
fixed  formulas,  others  are  defined  by  the  $HUGHES  namelist. 

5. 2. 6. 2  The  $HUGHES  Namelist  Variables  and  Their  Type 


PADWID 

real 

BULGE 

real 

CONOUT 

logical 

RET 

real 

PATHCL 

real 

MASKCL 

real 
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MASKCL 


real 


PAD2PAD 

real 

DIS 

real  array 

of  length  four 

FIDWID 

real 

MASTER 

real 

KEARNS 

logical 

SIDEBY 

logical 

PADONLY 

logical 

SHORT 

logical 

METRIC 

logical 

$HUGHES  Namelist 

Variables  and  Their 

Defaults 

PADWID 

s 

2 .OE-3 

BULGE 

s 

0. 

CONOUT 

a 

•TRUE. 

RET 

a 

3.0E-4 

PATHCL 

a 

2.54E-2 

MASKCL 

s 

2.5AE-2 

PA02PAD 

a 

1.27E-3 

DIS 

« 

0.  ,0. ,0. ,0. 

FIDWID 

a 

1.27E-3 

MASTER 

a 

10.0 

KEARNS 

= 

.FALSE. 

SIDEBY 

a 

.FALSE. 

PADONLY 

- 

.FALSE. 

SHORT 

- 

.FALSE. 

METRIC 

- 

.FALSE. 

All  units 

are 

in  meters 
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5. 2. 6. A  The 
MASTER: 


PADWID; 


BULGE : 

CONOUT: 

RET: 


$HUGHES  Namelist  Variables  and  Their  Functions 


The  size  of  the  master  image  and  the  size  of  the  final 
physical  SAW  device  are  not  usually  the  same  and,  in 
fact,  differ  by  a  factor  of  "MASTER".  MASTER  is  usually 
set  to  ten  and  is  used  to  adjust  the  incoming  parameters 
from  CONVERT  (always  specified  at  the  final  device  size) 
to  the  correct  dimensions  for  the  master. 

There  are  two  pads  for  every  Comb.  There  are  as  many  as 
five  Combs  per  SAW  device  made  from  program  HUGHES. 

Every  pad  is  the  same  width.  This  width  is  "PADWID". 
PADWID  values  are  absolute  and  not  multiplied  by  the 
variable  master,  i.e.  the  width  of  the  pads  on  the  glass 
master  is  simply  "PADWID". 

When  the  length  of  a  finger  on  a  transducer  is  longer 
than  the  value  RET  (see  below)  then  the  finger  must  be 
made  with  more  than  one  flash.  "BULGE"  is  the  amount  the 
finger  flashes  overlap.  A  BULGE  value  of  0.0  (no  over¬ 
lap)  has  been  found  to  work  fine. 

This  is  an  obsolete  variable.  The  user  should  always  let 
CONOUT  =  .TRUE,  (default  value).  If  CONOUT  =  .FALSE, 
then  both  fingers  in  a  double  electrode  pair  are  con¬ 
nected  together  by  a  thin  metal  strip  (see  Figure  5.2). 

This  is  the  length  the  user  chooses  to  make  the  reticle 
that  flashes  the  fingers.  The  RET  value  almost  always 
must  be  input  by  the  user,  the  default  value  is  rarely 
valid.  If  the  user  chooses  too  small  a  value  of  RET  then 
the  fingers  will  have  to  be  made  with  more  than  one 
flash.  Choosing  a  small  RET  value  does  not  necessarily 
allow  complete  flexibility  in  producing  a  finger.  Finger 
lengths  will  always  be  of  the  form 

(NFLASHES*RET)  -  ( (NFLASHES-1)  *  BULGE) 

where  NFLASHES  is  the  number  of  flashes  used  to  make  the 
finger.  Extra  unnecessary  flashing  may  result  in  added 
expense  and  loss  of  accuracy. 

If  the  user  chooses  too  large  a  value  of  RET,  the  inside 
edges  of  the  fingers  are  lined  up  according  to  specifi¬ 
cations  from  TAPE9  while  the  outside  edge  falls 
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wherever  it  may  fall,  often  beyond  the  PAD.  In  the  case 
of  an  apodized  transducer  (a  transducer  with  varying 
finger  lengths) ,  the  user  may  choose  to  use  the  longest 
finger  length  as  his  value  of  RET  even  though  this  may 
cause  the  shorter  fingers'  outside  edges  to  fall  beyond 
the  PAD  (see  Figure  5.3).  Most  of  the  time  this  does  no 
harm.  In  the  case  of  a  non-apodized  transducer,  or  when 
the  engineer  does  not  care  if  the  fingers  extend  beyond 
the  PAD,  then  the  following  value  of  RET  is  usually 
used:  (OVALAP  and  PADS  from  the  $CONVERT  namelist;. 

RET  -  MASTER*(OVALAP  ♦  2*PADS) 

PADS  OVALAP  equals  the  length  of  the  longest  finger  on 
the  finished  physical  transducer.  The  extra  length 
"PADS"makes  sure  the  longest  finger  is  firmly  implanted 
in  the  PAD  where  roundoff  error  will  not  cause  an  extra 
flash.  Multiplying  it  by  MASTER  equates  the  proper 
reticle  size  to  the  glass  master. 

PATHCL:  PATHCL  specifies  the  vertical  distance  (along  the 

Y-Axis)  from  the  origin  to  the  center  of  the  glass 
master.  Thus,  the  vertical  length  of  the  glass  master  is 
2*PATHCL.  Since  RADC  engineers  almost  always  use  two 
inch  square  masters  the  usual  value  for  PATHCL  is  2.54E-2 
(meters)  (see  Figure  5.5). 

MASKCL:  MASKCL  specifies  the  horizontal  distance  (along  the 

X-Axis)  from  the  origin  to  the  center  of  the  glass 
master.  Thus,  the  horizontal  length  of  the  glass  master 
is  2*MASKCL.  Since  RADC  engineers  almost  always  use  two 
inch  square  masters  the  usual  value  for  MASKCL  is  2.54E-2 
(meters)  (see  Figure  5.5). 

PAD2PAD:  Assuming  DIS(l)  =  DIS(2)  =  DIS(3)  =  DIS(4)  =  0  (default, 

see  following  for  definition  of  DIS) ,  then  the  horizontal 
distance  between  any  two  consecutive  combs  on  a  master 
(from  PAD  to  PAD)  is  "PAD2PAD".  In  other  words,  all 
combs  on  the  glass  master  are  evenly  separated  by  dis¬ 
tance  PAD2PAD  (see  Figure  5.5).  If  NCOMBS  =  1,  PAD  to 
PAD  is  ignored. 

DIS(I):  The  DIS  array  is  capable  of  overriding  the  variable 

PAD2PAD.  If  DIS(I)  f  0,  then  the  right  edge  of  the 
rightmost  finger  of  the  I'th  comb  is  separated  from  the 
left  edge  of  the  leftmost  finger  of  the  (I+l)'th  comb  by 
the  distance  DIS(I).  This  allows  varying  distances  be¬ 
tween  the  combs  (see  Figure  5.5). 


OVA  LAP  +  2*PADS  =  RETICLE  SIZE 
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OMnCO  MCA  MCNIfICO  IN  HCXT  fRARC 


TE3T02 


Figure  5.4  A  Plot  of  a  Glass  Master  Produced 
By  the  Simulation  Program  HUESCHK 


The  actual  master  is  two  inches  by  two  inches. 
Everything  shown  in  this  plot  except  the  dotted  lines 
and  the  words  "dashed  area  magnified  in  next  frame"  is 
actually  flashed  onto  the  glass  master.  The  small  tic 
mark  on  the  Pads  identifies  the  NMIN'TH  side  of  the 
transducer.  This  is  necessary  for  slightly  non-symmetrlc 
transducers  when  only  one  is  on  a  master. 
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Figure  5.5  A  Plot  of  a  Glass  Master  Produced 
by  the  HUESCHK  Simulation  Program 

The  actual  Glass  Master  Is  two  inches  by 
two  inches.  Definitions  are  shown  as  defined  in 
Section  5.2.6.  Also, 

Distance  "A"  =  Distance  "B"  (See  Section  5. 2. 6. 3. 2) 

Distance  "C"  =  Distance  "D"  (See  Section  5. 2. 6. 3.1) 

Distance  "E"  =  Distance  "F"  (See  Section  5. 2. 6. 3. 4) 


FIDMID : 


KEARNS: 


SIDEBY: 


PADONLY: 


SHORT: 


METRIC 


FIDNID  is  the  width  and  length  of  the  square  fiducial 
marks.  Fiducial  marks  will  be  explained  in  following 
text  (see  Figure  5.5). 

If  KEARNS  *  .TRUE.,  then  each  comb  is  centered  on  a 
separate  master.  Example:  If  NCOMBS  *  3  and  KEARNS  = 
.TRUE,  then  three  different  masters  will  be  created,  each 
with  one  comb.  The  magnetic  tape  processed  at  MITRE 
would  then  generate  three  individual  tapes  for  shipment 
to  HUGHES.  The  above  example  is  equivalent  to  the  user 
running  Hughes  three  separate  times,  each  run  containing 
the  specifications  for  one  of  the  combs,  and  taking  three 
separate  tapes  to  MITRE.  When  KEARNS  =  .TRUE,  each 
master  is  fabricated  complete  with  fiducial  and  NMIN'th 
markers  (see  following  text). 

If  SIDEBY  =  .TRUE. ,  then  the  combs  are  stacked  side  by 
side  on  the  glass  master  with  the  O'th  gap  of  the  stacked 
combs  lining  up  vertically.  The  distance  between  the 
pads  of  the  stacked  combs  separated  by  distance  PAD2PAD. 
The  set  of  combs  will  be  centered  both  horizontally  and 
vertically  on  the  glass  master.  That  is  the  horizontal 
distance  from  the  left  edge  of  the  glass  master  to  the 
center  of  the  O'th  gap  will  be  equal  to  the  horizontal 
distance  from  the  center  of  the  zero' th  gap  to  the  right 
edge  of  the  glass  master,  and  the  vertical  distance  from 
the  bottom  of  the  bottommost  pad  to  the  bottom  edge  of 
the  glass  master  will  be  equal  to  the  vertical  distance 
from  the  top  of  the  topmost  pad  to  the  top  of  the  glass 
master  (see  Figure  5.6). 

If  PADONLY  *  .TRUE,  then  the  flashing  of  the  fingers  is 
supressed  on  the  glass  master,  all  other  specifications 
remain  the  same  (see  Figure  5.7). 

If  SHORT  =  .TRUE,  then  all  the  area  between  the  pads 
(where  the  fingers  usually  go)  become  shorted  out  (with 
clear  on  the  negative  master,  or  metal  on  the  final 
product  (see  Figure  5.8). 

If  METRIC  =  .FALSE.,  then  the  units  given  on  the  magnetic 
tape  sent  to  Hughes  are  in  laser  counts  (321103  per 
inch).  If  METRIC  *  .TRUE.,  then  the  units  are  in 
measures  of  10“’  meters.  That  is,  1  unit  =  10~^ 
meters . 
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Figure  5.6  Simplified  Diagram  of  a  Two  Comb 
Master  where  SIDEBY  =  .True. 


Distance  A  =  Distance  B  and 
Distance  C  =  Distance  D  as  described 
in  Section  5. 2. 6. 4  under  "SIDEBY" 
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Figure  5.7  Simplified  Diagram  of  One  Comb 
Master  where  PADONLY  =  .True. 
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Figure  5.8  Master  With  SHORT  =  .True. 

Simplified  Diagram  of  the  same  one 
master  shown  in  Figure  5.7,  only 

PADONLY  =  .False,  and 
SHORT  =  .True. 


5.2.6. 5  Other  Specifications  Not  Directly  Defined  by  the  $HUGHES 
Namelist  or  TAPE9 

5. 2. 6. 5.1  Horizontal  Centering  of  Combs  on  the  Glass  Master 

The  distance  from  the  left  edges  of  the  pads  of  the  leftmost 
comb  to  the  left  edge  of  the  glass  master  will  be  equal  to  the  dis¬ 
tance  from  the  right  edges  of  the  pads  of  the  rightmost  comb  to  the 
right  edge  of  the  glass  master  (see  Figure  5.5). 

5. 2. 6. 5. 2  Vertical  Centering  of  Combs  on  the  Glass  Master 

Since  the  values  of  OVALAP,  PADS,  and  PADWID  are  the  same  for 
all  combs  on  a  master,  it  follows  that  the  total  widths  of  all  combs 
on  a  master  are  equal.  All  combs  on  a  master  are  lined  up  verti¬ 
cally,  that  is,  the  distance  from  the  top  of  the  top  pad  to  the  top 
of  the  master  and  the  distance  from  the  bottom  of  the  bottom  pad  to 
the  bottom  of  the  glass  master  is  the  same  for  all  combs  on  the 
master  (see  Figure  5.5). 

5. 2. 6. 5. 3  Pad  Length  of  the  I*th  Comb 

PADLEN(l),  the  length  of  the  pads  on  the  I'th  comb,  are  cal¬ 
culated  in  the  following  way: 

Let  XLEN(I)  =  the  distance  from  the  left  edge  of  the  leftmost 
finger  of  the  I'th  comb  to  the  right  edge  of  the 
rightmost  finger  of  the  I'th  comb. 

PAOLEN(l)  =  the  maximum  of  XLEN(I)  and  PADWID  (see  Figure  5.5). 

5. 2. 6. 5. 4  Centering  of  Fingers  on  Pads 

For  all  combs  on  a  master  the  horizontal  distance  from  the  left 
edge  of  the  pad  to  the  left  edge  of  the  leftmost  finger  will  be 
equal  to  the  horizontal  distance  from  the  right  edge  of  the  right¬ 
most  finger  to  the  right  edge  of  the  pad.  This  distance  will  be 
zero  if  XLEN(I)  ^  PADWID  (see  Section  5. 2. 6. 3. 3  and  Figure  5.5). 

5. 2. 6. 5. 5  Fiducial  Narks 


A  fiducial  mark  is  made  up  of  two  squares,  where  the  squares 
touch  represents  a  point.  Fiducial  marks  come  in  pairs.  The  pur¬ 
pose  of  the  fiducial  marks  is  to  allow  the  device  engineer  (at  RADC) 
to  line  up  the  glass  master  on  a  machine  prior  to  the  projection 
process  of  producing  a  real  transducer  from  a  glass  master.  Lining 
up  the  points  represented  by  one  set  of  fiducial  marks,  separates 
the  glass  master  into  a  top  half  and  a  bottom  half.  Lining  up  the 
points,  represented  by  another  set  of  fiducial  marks,  separates  the 
master  into  a  left  and  a  right  half.  There  are  also  a  set  of 
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fiducial  marks  for  each  comb  on  the  master.  These  are  called  the 
O'th  gap  fiducials.  If  one  were  to  draw  a  line  through  the  points  a 
particular  set  represents,  the  line  would  go  through  the  middle  of  a 
zero'th  gap  (see  Figure  5.5). 

5. 2. 6. 5. 6  NMINTH  Marks 


The  tiny  squares  on  the  top  pads  of  the  combs  show  whether  or 
not  the  particular  comb  has  been  reversed  from  the  original  data 
(see  Sections  5. 2. 4. 3  and  3. 4. 6. 3).  If  the  NMINTH  marker  is  on  the 
left  side  of  the  pad  then  that  comb  has  not  been  reversed.  (REV(l) 
=  .FALSE.).  If  the  NMINTH  marker  is  on  the  right  side  of  the  pad, 
then  the  comb  has  been  reversed  (REV(I)  =  .TRUE.)  (see  Figure  5.5). 

5. 2. 6. 5. 7  Master  Label 


A  Master  Label  name  is  flashed  onto  the  lower  right  corner  of 
all  masters.  This  name  is  obtained  from  the  Hughes  Title  Card  (see 
Section  5. 2. 4. 5  and  Figure  5.5). 

5.2.6. 5.8  Finger  Widths 


Every  finger  on  a  glass  master  fabricated  from  program  HUGHES 
has  the  same  width.  Although  the  option  to  have  varying  finger 
widths  was  built  into  program  CONVERT,  it  is  not  implemented  into 
program  HUGHES.  This  design  decision  was  made  for  two  reasons. 

A)  Fabricating  a  finger  from  more  than  one  flash  may  result 
in  loss  of  precision. 

B)  Changing  reticles  is  costly  (each  reticle  has  to  be 
precision  cut)  and  changing  reticles  may  result  in  loss 
of  precision. 

It  is  impossible  to  have  varying  finger  widths  without  using 
either  procedure  A  or  procedure  B. 

The  exact  position  of  a  finger  on  a  master  is  calculated  as 
follows: 

A)  The  X-coordinate  of  the  left  edge  of  a  finger  is  obtained 
from  the  Raytheon  Format  on  TAPE9  (see  Section  3.7). 

B)  The  X-coordinate  of  the  right  edge  of  a  finger  is  ob¬ 
tained  by  taking  Che  X-LefC-Coordinate  and  adding  Che 
Value  Wl(l).  W1  is  from  the  $CONVERT  namelist  and  is 
passed  to  Hughes  via  TAPE28  (see  Section  5. 2. 4. 2).  These 
relative  coordinates  are  Chen  modified  in  accordance  with 
Che  magnification  factor  "MASTER”,  to  produce  the  glass 
master.  All  the  fingers  of  the  final  device,  of  course, 
have  width  Wl(l). 
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5.2.7  Reticle  Changes 


During  the  fabrication  procedure  of  a  glass  master  from  a  mag¬ 
netic  tape  produced  by  program  HUGHES,  the  reticle  is  normally 
changed  three  times.  The  reticle  changes  are  as  follows: 


Finger  Producing  Reticle 
PAD  Producing  Reticle 
Fiducial  Producing  Reticle 
Label  Producing  Reticle 


Original  Reticle 
First  Change 
Second  Change 
Third  Change 


The  HUGHES  program  automatically  puts  the  Z  command  at  the 
right  places  on  the  magnetic  tape  to  allow  the  operator  to  change 
reticles  (see  Section  5.2.3). 


The  HUGHES  program  also  calculates  the  most  efficient  reticle 
sizes  for  the  four  above  tasks  (except  for  the  finger  reticle  whose 
length  is  input  by  the  user),  and  prints  out  an  information  sheet 
telling  the  operators  what  size  reticles  to  "cut  out"  and  after 
which  pauses  to  use  them. 

Program  HUGHES  does  not  allow  the  user  to  specify  dimensions 
that  will  result  in  the  use  of  a  reticle  wider  than  2.5  x  10"3 
meters  or  longer  than  5.08  x  10“2  meters. 
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5.3  Program  HUGHESXY 
3.3.1  Intr oduc  t Ion 


Program  HUGHESXY  is  basically  a  more  versatile  version  of  pro¬ 
gram  HUGHES.  The  added  features  of  program  HUGHESXY  are  as  follows: 

A)  Program  HUGHESXY  allows  for  up  to  sixteen  combs  on  a 
master.  Program  HUGHES  allows  only  a  maximum  of  five 
combs  on  a  master. 

B)  Program  HUGHES  allows  the  user  only  limited  flexibility 
in  the  placement  of  the  c<}mbs  on  the  master.  Program 
HUGHESXY  allows  the  user  complete  flexibility  in  the 
placement  of  the  combs  on  the  master. 

C)  Program  HUGHES  does  not  allow  the  user  to  vary  the  widths 
of  fingers  on  a  master.  All  fingers  on  a  master  are  the 
same  width.  Program  HUGHESXY  allows  the  user  to  vary  Che 
finger  widths  from  comb  to  comb  on  a  master  (all  fingers 
within  a  comb,  however,  must  have  Che  same  width). 

D)  All  combs  on  a  master  produced  by  program  HUGHES  have  the 
same  width  pads  as  each  other,  this  width  being  deter¬ 
mined  by  the  variable  PADWID.  Program  HUGHESXY  allows 
more  flexibility  in  determining  pad  widths.  Both  pads  on 
a  single  comb  must  still  be  Che  same  width;  however,  the 
pad  widths  may  vary  from  comb  to  comb.  The  pads  of  a 
particular  comb  can  even  be  suppressed  entirely  if  the 
user  so  desires. 

E)  The  pad  lengths  in  program  HUGHES  are  determined  by  a  set 
formula  (see  Section  5. 2. 6. 3. 3).  Program  HUGHESXY  allows 
the  user  almost  total  flexibility  in  determining  the  pad 
length. 

F)  All  combs  on  a  master  produced  by  program  HUGHES  have  the 
same  maximum  overlap.  Program  HUGHESXY  allows  varying 
maximum  overlaps  from  comb  Co  comb. 

G)  The  distance  PADS  (see  Section  3.6.4)  is  the  same  for  all 
combs  on  a  master  produced  by  program  HUGHES.  Program 
HUGHESXY  allows  Che  variable  PADS  to  vary  from  comb  Co 
comb. 

The  input  Co  program  HUGHESXY  consists  of  TAPE9,  TAPE28, 

TAPE29,  the  $HUGHES  namelist  and  Che  HUGHESXY  Title  Card.  This  is 
the  same  as  for  program  HUGHES,  only  with  program  HUGHESXY  TAPE9, 
TAPE28,  and  TAPE29  must  come  from  program  CONVXY,  and  not  Program 
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CONVERT,  since  the  formats  of  these  tapes  are  not  exactly  the  same. 
(For  example  TAPE28  contains  the  $CONVERT  namelist  which  is  not  the 
same  for  both  CONVEY  and  CONVERT.)  Also  note  that  the  $HUGHES  name- 
list  is  not  the  same  for  program  HUGHES  as  it  is  for  HUGHESXY. 

5.3.2  Added  or  Modified  $HUGHES  Namelist  Variables  Supplying 
Additional  Versatility 

NOPAD:  NOPAD  is  an  added  $HUGHES  namelist  variable.  NOPAD  is  a 

logical  array.  If  NOPAP(l)  *  .TRUE.,  then  the  I'th  comb 
on  a  master  will  be  fabricated  with  no  pads.  That  is, 
only  the  fingers  will  be  fabricated.  This  is  true  no 
matter  what  value  PADWID(I)  has  (see  next  definition). 
Default  Values:  NOPAD(I)  =  .FALSE,  for  all  combs. 

PADWID:  In  program  HUGHESXY  PADWID  is  a  real  array.  If,  for  the 

I ' th  comb 

PADWID(I)  >  0  and  NOPAD(I)  *  .FALSE. 

then  the  I'th  comb  will  have  two  pads,  each  having  width 
PADWID(I) . 

If  PADWID(I)  ^  0  then  NOPAD(I)  will  be  set  to  TRUE,  and 
the  I'th  comb~will  have  no  pads. 

Default  Value:  PADWID(l)  =  2.0E-3  for  all  combs. 


RET:  In  program  HUGHES  RET  is  a  real  variable.  In  program 

HUGHESXY  RET  is  a  real  array.  In  program  HUGHES  the  user 
could  only  choose  one  reticle  length  to  produce  all  the 
fingers  on  a  master.  Program  HUGHESXY  allows  the  user  to 
choose  a  different  reticle  length  (for  producing  the 
fingers)  for  each  comb  on  a  master.  Within  a  comb  the 
reticle  length  must  be  constant,  this  length  being 
RET(I).  Within  a  comb  the  same  rules  apply  to  RET  as 
those  discussed  in  Section  5. 2. 6. 4. 

Default  Value  for  RET(I)  =  MASTER  *  (2*PADS(l)  + 
OVALAP(I)) 

(PADS(I)  and  OVALAP(I)  come  from  CONVEYS'  $CONVERT  name- 
list.  Note  that  unlike  program  HUGHES  the  default  values 
for  RET  are  meaningful.) 

PADLEN:  PADLEN  is  an  added  $HUGHES  namelist  variable.  PADLEN  is 

a  real  array  which  allows  the  user  to  choose  the  pad 
lengths  for  any  comb  on  the  glass  master.  Both  pads  on  a 
particular  comb,  however,  must  be  the  same  length.  The 
actual  length  of  the  pads  on  the  I'th  comb  of  a  master  is 
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PADLEN(I)  *  MASTER.  Note  that  this  is  the  only  exception 
to  the  rule  of  entering  $CONVERT  data  at  device  size  and 
$HUGHES  data  at  master  size.  (For  example,  the  PADWID 
values  are  absolute  and  not  multiplied  by  the  variable 
master,  i.e.  the  width  of  the  pads  of  the  I'th  comb  on 
the  glass  master  is  simply  PADWID(I).) 

If  no  value  for  PADLEN(I)  is  specifically  inputed  by  the 
user  (via  namelist  $HUGHES)  then  a  temporary  default 
value  of  PADLEN(l)  =  .9E+11  is  assigned.  This  enormous 
value  for  PAOLEN(l)  indicates,  that  although  the  pad 
length  is  not  available  at  the  time  the  $HUGHES  namelist 
variables  are  printed  out,  eventually  the  pad  length  will 
be  calculated  in  the  standard  way  (discussed  in  Section 
5. 2. 6. 3. 3). 

If  for  a  particular  comb,  the  user  defined  value  of 
PADLEN(l)  is  less  than  XLEN(I)  (see  Section  5. 2. 6. 3. 3), 
then  PADLEN(I)  is  set  to  XLEN(I).  That  is,  PADLEN(I) 
cannot  be  less  than  XLEN(I). 

XP:  XP  and  YP  are  both  added  $HUGHES  namelist  variables.  Both 

YP:  XP  and  YP  are  real  arrays.  The  value  of  XP(I)  and  YP(I) 

determine  the  position  of  the  I'th  comb.  The  I'th  comb 
is  positioned  according  to  the  center  of  its  zero' th  gap 
(by  the  "center"  of  the  zero' th  gap  we  mean  the  exact 
center  both  horizontally  and  vertically). 

Example:  XP(3)  =  2.54E-2,  YP(3)  =  2.54E-2.  This  means 
the  center  of  the  zero'th  gap  of  the  third  comb  will  be 
placed  one  inch  above,  and  one  inch  to  the  right  of  the 
origin  on  the  glass  master.  Default  values  are  seldom 
used,  the  user  must  almost  always  input  these  arrays. 

Defaults:  XP(l)  =  .0029881 
YP(I)  =  .0254 

5.3.3  Other  $HUGHES  Namelist  Variables  Used  in  HUGHESXY 


BULGE: 

As 

in  Program  HUGHES 

CONOUT: 

As 

in  Program  HUGHES 

PATHCL: 

No 

longer  used 

MASKCL: 

No 

longer  used 

PAD2PAD: 

No 

longer  used 

DIS: 

No 

longer  used 

FIDWID 

As 

in  program  HUGHES 

MASTER: 

As 

in  program  HUGHES 
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KEARNS: 


KEARNS  must  equal  FALSE  (default) 

SIOEBY:  SIDEBY  must  equal  FALSE  (default) 

PADONLY:  As  in  progrm  HUGHES 

SHORT:  As  in  program  HUGHES 

METRIC:  As  in  program  HUGHES 


5.3.4  Variables  From  The  $CONVERT  Namelist  Supplying  Additional 


ersatilit 


OVALAP:  The  OVALAP  values  are  supplied  to  program  HUGHESXY  via 

TAPE28.  If  TAPE28  has  been  created  by  CONVXY  (as  it  must 
be  to  run  HUGHESXY)  then  OVALAP  will  be  a  real  array. 

The  maximum  overlap  of  the  fingers  of  the  I'th  comb  will 
be  MASTER*OVALAP(l)  (on  the  glass  master). 

PADS:  The  PADS  values  are  supplied  to  program  HUGHESXY  via 

TAPE28.  If  TAPE28  has  been  created  by  CONVXY  (as  it  must 
be  to  run  HUGHESXY)  then  PADS  will  be  a  real  array  (see 
Section  3.6.4  for  a  definition  of  PADS).  The  values  of 
PADS  will  be  multiplied  by  MASTER  to  create  the  glass 
master. 

NCOMBS:  In  program  HUGHES  the  maximum  value  fo3  NCOMBS  is  five. 

In  program  HUGHESXY  the  maximum  value  is  sixteen. 

Wl:  W1  is  a  real  array.  In  program  HUGHES  all  the  combs  of  a 

glass  master  have  the  same  width,  namely  W1(1)*MASTER. 

In  program  HUGHESXY  the  widths  of  the  fingers  in  the  I'th 
comb  is  W1(I)*MASTER. 


3.3.5  Reticle  Changes 


Program  HUGHES  uses  only  one  reticle  size  to  fabricate  all  the 
fingers  on  a  given  master.  Program  HUGHESXY  is  capable  of  producing 
different  combs  with  different  finger  widths  and  different  reticle 
lengths.  Thus,  it  is  possible  that  a  different  reticle  may  have  to 
be  used  for  each  comb  on  the  master. 


The  I'th  comb  on  glass  master  will  be  created  with  a  new 
reticle  if: 


W1(I)  ^  Wl(I-l) 
or 

RET(I)  j*  RET(I-l)  For  all  I  such  that  2  <  I  <  16 
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since  the  user  has  complete  control  over  the  positioning  of  any 
comb  the  deck  should  be  set  up  so  that  all  combs  using  the  same 
finger  reticles  are  processed  successively.  This  eliminates  un¬ 
necessary  reticle  changes. 

5.3.6  TAPE48 


TAPEA8  is  created  by  program  HUGHESXY.  TAPE48  contains  the 
same  information  as  TAPE49 .  The  only  difference  is  that  TAPE49  is 
usually  a  physical  tape  and  TAPE48  is  always  a  disk  file.  TAPE48  is 
used  as  input  to  program  HUESCHKTEK  (see  Section  5.5). 
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Figure  3.9  Simplified  Diagram  of  a  Master 
Produced  by  Program  HUGHESXY 

Note  varying  values  for  OVALAP,  PADS  and  PADWID. 
Note  also  that  Comb  3  has  wider  fingers  than  the  others. 
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P  (3) 


5.4  Program  HUESCHK 


5.4.1  InCroducCion 


Program  HUESCHK  is  a  simulation  program.  HUESCHK  simulates  the 
Hughes  Step  and  Repeat  Machine.  Input  to  the  program  is  TAPE49  from 
either  program  HUGHES  or  HUGHESXY.  Output  of  the  program  is  a  plot¬ 
ted  picture  of  the  glass  master  the  Hughes  Step  and  Repeat  Machine 
is  expected  to  fabricate. 

5.4.2  Input  to  Program  HUESCHK 

5.4.2. 1  TAPE49 


TAPE49  is  a  physical  tape  which  is  created  by  either  program 
HUGHES  or  program  HUGHESXY. 

5. 4. 2. 2  TAPE50 


TAPE50  is  a  temporary  disk  file  created  by  program  HUGHES  or 
HUGHESXY.  TAPE50  contains  the  reticle  sizes  to  be  used  by  the 
Hughes  Step  and  Repeat  Machine  in  the  fabrication  of  a  SAM  device. 
TAPE50  is  used  only  by  programs  HUESCHK  and  HUESCHKTEK.  In  the 
actual  fabrication  of  the  glass  master  the  reticles  are  changed  by 
the  operator  who  gets  the  information  (what  size  reticle  to  use, 
when  to  change  them)  from  printed  output  created  by  program  HUGHES 
or  HUGHESXY. 


5. 4, 2. 3  HUESCHK  Title  Card 


The  card  input  to  program  HUESCHK  consists  of  an  optional 
HUESCHK  title  card  followed  by  the  optional  $HUESCHK  namelist.  The 
first  30  characters  of  the  HUESCHK  title  card  are  printed  on  the 
outputted  plots  and  should  contain  the  name  and  telephone  number  of 
the  user. 

5. 4. 2. 4  The  $HUESCHK  Namelist 


5. 4, 2. 4.1  The  $HUESCHK  Namelist  Variables  and  Their  Type 


PLTSIZE: 

real 

MSTSIZE: 

real 

MAG 

real 

METRIC 

logical 

PDEN 

real 

FDEN 

real 
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HALF 


logical 

KPIK  integer 

5.4. 2.4. 2  The  $HUESCHK  Namelist  Variables  and  Their  Defaults 

PLTSIZE  “  10. 

MSTSIZE  =  2. 

MAG  =  8. 

METRIC  =  .False. 

PDEN  =  8 . 

FDEN  =  75. 

HALF  =  .True. 

KPIK  =  0 

5. 4. 2. 4. 3  The  $HUESCHK  Variables  and  Their  Defaults 

PLTSIZE:  The  size  of  the  plotted  simulation  of  the  glass  master  is 

PLTSIZE  inches  long  by  PLTSIZE  inches  wide.  (It  is  as¬ 
sumed  that  the  glass  master  is  square.) 

MSTSIZE:  MSTSIZE  is  the  length  and  width  (in  inches)  of  the  actual 

master  to  be  fabricated.  (It  is  assumed  that  the  glass 
master  is  square.) 

MAG:  Figure  5.4  is  an  example  of  a  plotted  picture  produced  by 

program  HUESCHK.  Note  the  rectangle  outlined  by  the 
dotted  line.  This  portion  of  the  picture  will  be  magni¬ 
fied  in  the  next  plotted  frame.  The  magnification  will 
be  such  that  the  width  of  the  rectangle  will  take  up  the 
whole  width  of  the  paper.  (That  is,  the  width  will  be 
"PLTSIZE",  which  is  usually  ten  inches.)  The  bottom  edge 
of  the  rectangle  always  goes  from  fiducial  mark  to 
fiducial  mark.  Thi'  height  of  the  rectangle  will  be: 

PLTSIZE/ (2*MAG)  inches. 

In  the  example  shown  in  Figure  5.4,  MAG  =  2.  Thus,  the 
height  of  the  rectangle  is  FLTSIZE/4,  and  the  rectangle 
will  be  magnified  four  times  in  the  next  frame.  In 
general  the  magnification  factor  will  be  (2*MAG).  If  MAG 
^0.0,  then  the  magnification  frame  is  suppressed. 
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METRIC: 


PDEN: 


FDEN: 


HALF: 


KPIK: 


The  value  of  METRIC  in  the  $HUESCHK  namelist  should 
always  be  the  same  value  as  METRIC  in  the  $HUGHES  name- 
list.  (See  Section  5. 2. 6. 4.) 

In  Figure  5.4  one  can  see  that  the  pads  are  colored  in 
(represents  uniform  clear  on  the  glass  master).  This 
coloring  in  process  is  accomplished  by  the  plotter 
drawing  many  fine  lines  (in  both  the  vertical  and  hori¬ 
zontal  direction).  The  number  of  lines  drawn  per  inch  is 
PDEN.  Note  that  since  program  HUESCHK  is  a  simulation  of 
the  Hughes  Step  and  Repeat  Machine,  coloring  is  done 
flash  by  flash.  Thus,  if  a  pad  has  been  created  with 
overlapping  reticle  flashes  it  will  appear  that  some 
areas  of  the  pads  on  the  plotted  picture  are  denser  than 
other  areas  (because  they  have  been  colored  in  twice). 

On  the  actual  master,  however,  the  pad  will  be  uniform 
clear.  This  is  because  an  area  flashed  twice  is  no  more 
clear  than  an  area  flashed  only  once. 

Example:  A  square  pad  1/4  inch  by  1/4  inch  has  been 
created  with  a  single  flash.  If  the  plotted  simulation 
picture  has  been  created  with  PDEN  =  40,  then  the  plotter 
will  create  this  pad  by  first  drawing  the  outline  and 
then  filling  it  in  with  ten  lines  in  the  horizontal 
direction  and  ten  lines  in  the  vertical  direction. 

Some  HUESCHK  plots  take  a  very  long  time  to  plot.  The 
purpose  of  PDEN  is  to  allow  the  user  to  choose  the  best 
trade  off  between  plot  detail  and  the  time  it  takes  to 
produce  the  plot. 

Similar  to  PDEN,  only  used  in  the  plotting  of  the  fin¬ 
gers.  Fingers  are  plotted  with  only  vertical  lines. 

FDEN  is  the  number  of  vertical  lines  used  per  inch  to 
plot  a  finger. 

In  Figure  5.4,  HALF  =  .False..  If  HALF  =  .True,  then  the 
right  half  of  the  rectangle  will  not  be  magnified.  (The 
actual  drawing  of  the  dotted  rectangle  will  be  half  of 
that  shown  in  Figure  5.4.)  In  the  case  of  a  symmetrical 
master  the  right  half  is  the  same  as  the  left  half  and 
does  not  need  to  be  magnified.  HALF  =  .True,  saves 
plotting  time. 

In  creating  a  plot  the  CDC  software  creates  a  set  of 
machine  plotting  instructions  which  go  on  magnetic  tape. 
This  magnetic  tape  is  then  fed  to  the  CAL-COMP  plotter 
which  draws  the  plot.  If  the  plot  is  very  long  and 
complex  (as  some  HUESCHK  plots  are)  it  may  take  more  than 
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one  magnetic  tape  to  hold  all  the  plotting  instructions.  It 
has  been  found  that  when  this  is  the  case,  the  resulting  plot 
is  much  more  likely  to  be  faulty  than  when  all  the  plotting 
instructions  go  on  a  single  tape.  For  this  reason  the  capa¬ 
bility  to  have  program  HUESCHK  plot  only  one  of  the  combs  on  a 
master  has  been  designed  into  the  program  logic. 

If  KPIK  =0,  all  combs  on  the  master  will  be  plotted 

If  KPIK  =  1,  only  the  first  comb  on  the  master  will  be 
plotted . 

If  KPIK  =  N,  only  the  N'th  comb  on  the  master  will  be 
plotted. 

Example  of  Use:  You  are  fabricating  a  three  comb  mas¬ 
ter.  Each  comb  on  the  master  is  very  complex  and  the 
plotting  instructions  to  plot  any  of  the  three  combs  take 
up  almost  a  full  reel  of  magnetic  tape.  To  plot  the 
whole  master  all  at  once  requires  three  magnetic  tapes, 
thereby  greatly  increasing  the  odds  of  a  hardware  plot¬ 
ting  failure.  Not  only  that,  but  because  it  takes  so 
long  to  plot  the  three  comb  master  all  at  once,  the  time 
required  to  receive  the  plot  is  increased  significantly. 

Solution;  Save  TAPE49  (TAPE50  is  a  physical  tape)  on 
permanent  disk  file.  The  first  day  run  HUESCHK  with  KPIK 
=  1.  After  receiving  the  plot,  run  HUESCHK  with  KPIK  = 

2.  The  third  run  let  KPIK  =  3.  In  this  way  all  plots 
will  be  done  on  their  own  tape  thereby  reducing  the  odds 
of  hardware  plotting  failure.  The  odds  of  success  are 
increased  and  even  if  there  is  a  plotting  failure  on  one 
of  the  runs,  only  that  run  will  have  to  be  resubmitted. 

If  you  choose  KPIK  =  0,  and  a  plotting  error  occurs  the 
whole  run  must  be  resubmitted.  (Three  combs  to  be  re- 
plotted  instead  of  one.)  To  get  an  idea  of  how  long  some 
of  these  plots  can  take  to  complete,  note  that  some  of 
the  complex  plots  could  take  up  to  fourteen  hours  to  com¬ 
plete  if  the  economy  measures  outlined  above  were  not 
used . 

It  is  also  possible  to  have  all  three  combs  plot  on  three 
different  tapes  (exactly  one  comb  per  tape)  during  a 
single  run,  but  this  increases  the  chance  of  operator 
error  as  they  are  not  used  to  changing  plot  tapes  until 
they  are  completely  full.  (See  appendix  for  details  of 
the  run. ) 

5.4.3  Output  of  Program  HUESCHK 

The  output  of  program  HUESCHK  is  the  plotted  picture  of  the 
glass  master  and  printed  output  giving  the  values  of  the  $HUESCHK 
variables . 
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5.5  Program  HUESCHKTEK 
5.5.1  Introduction 


Program  HUESCHKTEK  is  similar  to  program  HUESCHK.  The  dif¬ 
ference  is,  that  with  program  HUESCHK  the  picture  of  the  master  is 
plotted  on  a  CAL-COMP  plotter.  With  program  HUESCHKTEK  the  picture 
of  the  master  is  shown  on  the  cathode  ray  tube  of  the  Tektronix 
Machine.  By  pushing  a  button  on  the  Tektronix  Machine  the  user  may 
obtain  a  hard  copy  of  the  picture  shown  on  the  screen.  The  advan¬ 
tage  of  using  the  Tektronix  Machine  is  that  the  turn-around  time  is 
immediate.  When  using  program  HUESCHK  the  user  must  sometimes  wait 
as  long  as  two  or  three  days  to  receive  his  plot.  The  user  may  get 
a  picture  on  the  Tektronix  Machine  by  using  program  HUESCHKTEK  im¬ 
mediately  after  program  HUESXY  has  been  run. 

The  disadvantages  of  using  HUESCHKTEK  are: 

A)  The  quality  of  the  picture  (size  and  resolution)  is  much 
poorer  on  a  hard  copy  produced  by  HUESCHKTEK  than  on  a  plot 
produced  by  program  HUESCHK. 

B)  The  magnified  frame  often  comes  out  distorted  on  the  Tektronix 
Machine  due  to  its  limited  screen  size. 

It  is  possible  to  run  program  HUGHESXY  and  HUESCHK  in  the  same 
run  and  then  go  over  to  the  Tektronix  Machine  and  run  program 
HUESCHKTEK.  In  this  way  the  user  can  know  immediately  if  the  master 
being  simulated  looks  reasonable.  If  the  Tektronix  picture  is  not 
what  the  user  expected  one  can  go  to  the  Computer  Center  and  abort 
one's  plot  job  thereby  saving  valuable  plot  time.  If  the  Tektronix 
picture  seems  reasonable,  one  can  wait  for  the  CAL-COMP  plot  for 
further  details.  Program  HUESCHKTEK  is  particularly  useful  in  de¬ 
bugging  a  new  version  of  program  HUGHES  or  HUGHESXY.  In  order  to 
use  the  Tektronix  Machine  it  is  advised  that  the  user  know  something 
about  the  Hanscom  AFB  CDC  6600  time-sharing  system,  otherwise  one 
may  run  into  situations  one  does  not  know  how  to  handle.  (Time 
limits,  typing  mistakes,  etc.) 

5.5.2  Input  to  Program  HUESCHKTEK 

Input  to  program  HUESCHKTEK  consists  of  TAPE49,  TAPE50  and 
input  typed  directly  into  the  Tektronix  Machine. 
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5 . 5 . 2 . 1  TAPE49 


Describing  where  TAPE49  comes  from  can  be  somewhat  confusing. 
First,  consider  program  HUGHESXY.  Program  HUGHESXY  produces  both 
TAPE48  and  TAPE49.  TAPE49  is  a  physical  tape.  A  physical  tape  can¬ 
not  be  read  from  the  Tektronix  Machine.  For  this  reason  TAPE48  has 
been  created.  TAPE48  contains  the  same  information  as  TAPE49, 
only  it  is  a  disk  file  instead  of  a  physical  tape.  Thus,  if  the 
user  is  planning  to  run  program  HUESCHKTEK  from  the  Tektronix 
Machine,  TAPE48  must  be  saved  as  a  permanent  file. 

Now,  consider  it  from  the  point  of  view  of  program  HUESCHKTEK. 
HUESCHKTEK  requires  a  disk  file  called  TAPE49  as  input.  Thus,  the 
user  must  create  a  TAPE49  from  the  information  saved  as  TAPE48.  The 
details  for  doing  this  are  described  in  Sections  5.5.3  and  5.5.4. 

TAPE48  has  not  yet  been  implemented  into  Program  HUGHES.  How¬ 
ever,  this  is  a  very  easy  modification.  Simply  change  the  "PACKIT" 
subroutine  in  program  HUGHES  to  look  like  the  "PACKIT"  subroutine  in 
program  HUGHESXY. 

5. 5. 2. 2  TAPE50 

TAPE50  is  created  by  HUGHESXY  (or  HUGHES)  and  contains  the 
reticle  sizes  needed  for  the  simulation.  (See  Section  5.2. 5.2.) 


5. 5.2.3  User  Input  Directly  Into  the  Tektronix  Machine 


This  will  be  discussed  in  Section  5.5.4. 


In  the  control  card  setup,  before  program  HUGHESXY  (or  in  the 
future  program  HUGHES)  is  run,  request  TAPE48  and  TAPE50  as  per¬ 
manent  files.  After  program  HUGHESXY  has  been  run  save  TAPE48  and 
TAPE50  as  permanent  files.  An  example  of  this  section  of  the  con¬ 
trol  cards  follow: 


REQUEST, TAPE48,*PF. 

REQUEST, TAPE50 ,*PF. 

HUGHSXY. 

CATALOG , TAPE48 , SAVETAPE48 , ID=ELTERMAN , MR* I 
CATALOG , TAPE50 , SAVETAPE50 , ID»ELTERMAN ,MR-l , 
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5.5.4  Running  Program  HUESCHKTEK  on  the  Tektronix  Machine 

Assuming  the  preliminary  steps  discussed  in  Section  5.5.3  have 
been  followed,  complete  the  following  dialog  with  the  machine.  In 
the  following  example,  underlined  text  represents  text  written  on 
the  Tektronix  Machine  by  the  computer.  Non-underlined  text  repre¬ 
sents  commands  typed  into  the  Tektronix  Machine  by  the  user.  Text 
in  parenthesis  represents  the  author's  comments,  i  means  the  user 
should  press  the  carriage  return  on  the  Tektronix  Machine. 

"A"  is  the  notation  used  to  mean  the  user  should  press  the  space 
bar. 


LOGIN, NAME, CODE, 86 1444, SUP  4^ 

(The  user  must  have  one's  own  LOGIN,  Name  and  Code) 

COMMAND  SCREEN ,80,66.+ 

COMMAND  ATTACH,HCHECK,HUESCHKTEK,ID=ELTERMAN,MR=1.  + 

(HUESCHKTEK  must  be  cataloged  under  user's  ID  as  a  Binary  file) 
COMMAND  ATTACH, TAPE49,SAVETAPE48,ID=ELTERMAN,MR=1.  + 

COMMAND  ATTACH, TAPE50,SAVETAPE50,ID=Elterraan.  + 

COMMAND  ATTACH, TEK,TEKLIB.  + 

COMMAND  LIBRARY, TEK.  + 

(Wait  for  the  computer  to  printout  the  following  message) 

PLEASE  INPUT  HUESCHK  NAMELIST  CARD 

A  $HUESCHK$  +  (Options  may  be  inputed  if  the  user  wishes) 

(The  computer  will  now  print  out  some  of  the  namelist  variables. 
After  this  the  computer  will  stop  and  wait  for  the  user  to  press  the 
carriage  return.) 

(The  computer  will  now  write  the  following  message:) 


1 

GO/ERASE 

2 

GO/ SAVE 

3 

EXIT 

ENTER  OPTION 

(The  user  should  respond  with:) 

1  + 

(The  above  message  may  be  repeated  several  times;  each  time  the  user 
should  type:) 


1  + 
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(Until  a  picture  similar  to  Figure  5.10  comes  on  the  screen.  At 
this  point  the  user  can  study  the  picture  and  get  a  hard  copy  if  he 
wishes  by  pressing  the  "Copy"  button.  (Make  sure  the  hard  copy 
machine  is  turned  on  and  warmed  up.  After  leaving,  turn  the  hard 
copy  machine  off.)  The  user  may  type: 

1  + 

(Once  more  to  see  the  (probably  distorted)  magnified  frame.  After 
this  type : ) 

3  I 

COMMAND  LOGOUT 

(Push  the  screen  reset  button  and  you  are  now  ready  to  leave.) 


Figure  5.10  HUESCHKTEK  Picture 

Picture  of  master  created  by  HUESXY.  Picture 
was  created  by  Program  HUESCHKTEK  on  the  TEKTRONIX 
machine . 


126 


6.0  SPECIFYING  A  SAW  DEVICE  MASTER  (PATTERN  GENERATOR) 
6.1  Introduction 


The  programs  described  in  this  chapter  were  originally  designed 
to  interface  with  equipment  and  procedures  at  Electromask,  Inc.  and 
the  Sperry  Univac  Company.  However,  these  programs  should  be  able 
to  be  used,  with  little  or  no  modification  to  utilize  any  Electro¬ 
mask  Pattern  Generator.  The  purpose  of  these  programs  is  to  produce 
printed  output,  plotted  output  and  magnetic  tapes  that  allow 
Sperry,  for  example,  to  produce  a  glass  master,  and  to  allow  both 
Sperry  and  the  device  engineers  to  verify  the  correctness  of  the 
finished  master. 

The  programs  described  in  Chapter  5  are  very  similar  to  the 
programs  discussed  in  this  chapter,  thus,  it  is  mainly  the  dif¬ 
ferences  between  the  two  sets  of  programs  that  will  be  discussed  in 
this  chapter.  For  a  thorough  understanding  of  the  fabrication 
procedure  Chapter  5  (which  will  be  referenced  many  times  in  this 
chapter)  should  be  read  first. 

The  steps  in  producing  a  finished  SAW  device  (Surface  Acoustic 
Wave  Device)  with,  for  example,  the  Sperry  Univac  Company  are  as 
follows : 

A)  The  device  engineer  describes  the  device  using  one  of  the  RADC 
formats  (see  Chapter  3,  program  CONVERT). 

B)  This  format  is  used  as  input  to  program  CONVERT  which  produces 
as  output  a  description  of  the  SAW  device  in  the  standardized 
Raytheon  Format. 

C)  The  Raytheon  Format,  along  with  some  other  device  specifi¬ 
cations,  is  used  as  input  to  program  ELECTRO  (ELECTRO  is 
similar  to  program  HUGHES).  Program  ELECTRO  produces  printed 
output  and  a  magnetic  tape.  This  magnetic  tape  contains  the 
instructions  that  will  eventually  be  used  by  the  Sperry  Univac 
Pattern  Generator  to  produce  a  glass  master. 

D)  The  magnetic  tape  is  used  as  input  to  program  ELCHECK  (ELCHECK 
is  similar  to  HUESCHK) .  ELCHECK  is  a  simulation  program  that 
simulates  the  Sperry  Univac  Pattern  Generator.  As  output  it 
produces  a  plotted  picture  of  the  master. 

E)  The  device  engineer  looks  at  the  plotted  picture  of  the  master 
to  make  sure  it  is  what  one  expects.  If  the  device  has  been 
incorrectly  described,  or  the  magnetic  tape  is  faulty,  the 
problems  will  hopefully  be  detected  at  this  point. 
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F)  The  magnetic  tape,  the  printed  output  from  program  ELECTRO  and 
the  plotted  picture  from  program  ELCHECK,  are  sent  to,  for 
example,  the  Sperry  Univac  Company.  Here,  using  the  magnetic 
tape  (only)  as  input  to  the  Pattern  Generator,  they  produce  a 
glass  master.  Note  that  this  magnetic  tape  is  not  first 
processed  on  an  IBM  computer  as  is  the  case  with  the  tapes  for 
Hughes;  and  that  no  printed  output  is  needed  to  produce  the 
glass  master.  The  magnetic  tape  contains  all  the  necessary 
information  with  minor  exceptions  such  as  the  dimensions  of 
the  glass  master  and  whether  the  machine  will  accept  inputs  in 
meters  or  english  units.  In  practice  the  defaults  are  almost 
always  used. 

G)  The  Sperry  Univac  Company  compares  the  glass  master  they  have 
produced  to  the  plotted  picture  and  to  information  from  the 
printed  output.  If  they  are  satisfied  they  have  correctly 
produced  the  glass  master  they  send  it  and  all  other  infor¬ 
mation  back  to  the  device  engineers  (RADC). 

H)  The  device  engineers  verify  the  correctness  of  the  glass 
master . 

I)  A  direct  projection  technique  is  used  to  produce  the  final  SAW 
Device  as  a  metal  pattern  on  a  piezo-electric  crystal. 

Program  ELECTROXY  and  program  ELCHECKTEK  are  the  other  two 
programs  described  in  this  section.  Program  ELECTROXY  is  a  more 
versatile  version  of  program  ELECTRO.  Program  ELCHECKTEK  is  similar 
to  program  ELCHECK  except  it  produces  a  picture  on  the  Tektronix 
machine  instead  of  on  the  CALCOMP  Plotter. 

6 . 2  The  Glass  Master 

Program  HUGHES  always  produces  negative  masters.  A  negative 
master  is  described  in  Section  5.1.  On  a  finished  glass  master  some 
of  the  glass  is  clear  and  some  of  the  glass  is  black.  When  a  nega¬ 
tive  master  is  produced  a  photoresist  stripping  procedure  is  used  so 
that  the  clear  areas  on  the  glass  become  metal  areas  on  the  piezo¬ 
electric  crystal,  and  where  the  glass  is  dark  there  is  no  metal. 

When  a  positive  master  is  produced  a  photolithographic 
chemical-etch  procedure  is  chosen  such  that  the  clear  areas  on  the 
master  become  clear  areas  on  the  piezoelectric  crystal  and  where  the 
master  is  dark  the  piezoelectric  crystal  has  metal. 

Programs  ELECTRO  and  ELECTROXY  are  both  capable  of  producing 
either  a  positive  or  negative  master.  Which  kind  of  master  is  used 
depends  on  several  factors.  (See  Section  6. 3. 6. 4  for  a  further 
description  of  a  negative  master.) 


6 . 3  Program  ELECTRO 


6.3.1  Introduction 

Program  ELECTRO  accepts  as  input  the  Raytheon  format  from  pro¬ 
gram  CONVERT,  and  the  $ELECTRO  namelist.  As  output  it  produces 
printed  output,  to  be  used  by  both  the  device  engineers  and,  for 
example,  the  Sperry  Univac  Company,  and  a  magnetic  tape  that 
directly  gives  instructions  to  the  Sperry  Univac  Pattern  Generator. 
The  magnetic  tape  is  all  the  Sperry  Univac  Company  needs  to  produce 
the  glass  master  (as  described  in  Section  6.1). 

6.3.2  The  Pattern  Generator 

(Read  Section  5.2.2  first.)  The  difference  between  a  Step  and 
Repeat  Machine  and  a  Pattern  Generator  is  that  with  the  Step  and 
Repeat  Machine  the  reticle  sizes  can  only  be  changed  by  stopping  the 
machine  and  changing  the  reticle  plate.  The  proper  reticle  to  use 
cannot  be  determined  from  information  on  the  magnetic  tape. 

The  Pattern  Generator  works  on  a  different  principle.  It 
contains  a  single  plate  with  a  rectangular  reticle  whose  dimensions 
can  vary  according  to  instructions  on  the  magnetic  tape.  There  are 
some  important  advantages  to  this  method.  Reticles  do  not  have  to 
be  cut  out  in  advance.  The  operator  has  only  to  get  the  process 
started.  After  that  the  whole  process  is  done  automatically  from 
start  to  finish,  without  human  intervention.  There  is  no  need  for 
the  machine  to  pause  while  the  operator  changes  reticles. 

The  disadvantages  to  this  method  are: 

A)  Only  rectangular  reticles  can  be  used.  Programs  ELECTRO  and 
HUGHES  only  use  rectangular  reticles,  however,  applications  do 
exist  which  call  for  non-rectangular  reticle  shapes. 

B)  When  the  reticle  size  is  set  and  reset  dynamically  there  is  a 
greater  possibility  for  loss  in  accuracy  than  when  fixed 
reticle  sizes  are  used. 

The  minimum  and  maximum  reticle  dimensions  are  as  follows: 
Minimum  Reticle  Width:  2,54E-8  Meters 

Minimum  Reticle  Length:  2.34E-8  Meters 
Maximum  Reticle  Width:  1.524E-3  Meters 

Maximum  Reticle  Length:  1.524E-3  Meters 
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6.3.3  Magnetic  Tape  Format 


The  format  of  the  tape  is  as  follows: 

A)  The  tape  is  9  track,  800  bits  per  inch,  odd  parity  written  in 
fixed  records  of  800  bytes.  The  tape  is  coded  in  EBCDIC. 

B)  The  tape  must  be  a  "No  Label"  tape.  That  is,  there  must  be  no 
introductory  material  such  as  title  of  job,  coding  instruc¬ 
tions,  etc.  The  tape  must  start  immediately  with  the 
instruction  format  described. 

C)  The  first  character  of  each  record  is  the  single  quote  ('). 

D)  Following  the  last  instruction  in  any  record  the  remaining 
characters  must  be  periods.  There  must  be  at  least  one  period 
per  record.  All  characters  following  the  first  period  of  a 
record  must  be  periods. 

E)  The  character  "X"  followed  by  from  one  to  seven  digits  speci¬ 
fies  the  X  position  of  the  center  of  the  reticle.  The 
character  "Y"  followed  by  from  one  to  seven  digits  specifies 
the  "Y"  position  of  the  center  of  the  reticle.  These  digit 
sequences  may  represent  either  units  of  10“6  inches  or 

10-7  meters.  (An  operator  option  that  must  be  consistent 
with  the  software  used  to  produce  the  magenetic  tape.)  Pro¬ 
gram  ELECTRO  is  capable  of  using  either  units;  however, 

English  units  have  been  adopted  as  standard  output  (input  is 
always  in  metric).  Thus  the  command  XIOOOOOO,  for  example, 
would  place  the  reticle  one  inch  to  the  right  of  the  origin 
(i.e.  a  horizontal  distance  of  one  inch).  The  X  or  Y 
character  sequences  described  above  must  never  cross  record 
boundaries.  Also,  they  must  never  end  as  the  800* th  character 
of  a  record  since  there  must  always  be  at  least  one  period  in 
every  record. 

F)  The  character  "W"  followed  by  from  one  to  seven  digits  speci¬ 
fies  the  new  width  for  the  reticle.  The  character  "V" 
followed  by  from  one  to  seven  characters  specifies  the  new 
height  of  the  reticle.  One  may  set  a  new  reticle  width  with¬ 
out  setting  a  new  reticle  height  (or  vice  versa).  The  two 
commands  are  independent  of  each  other.  The  units  used  in 
setting  the  reticle  are  either  English  or  Metric  (see  Part  E 
of  this  section) .  The  W  or  V  character  sequences  described 
above  must  never  cross  record  boundaries.  Also,  they  must 
never  end  as  the  800'th  character  of  a  record  since  there  must 
always  be  at  least  one  period  in  each  record. 

G)  The  character  "S"  (followed  by  no  digits)  tells  the  machine  to 
"Flash".  Flashing  is  described  in  Section  5.2.2. 


H)  The  character  "Z"  (followed  by  no  digits)  tells  the  machine  to 
pause.  The  Z  coonand  is  used  to  end  the  job  (the  master  being 
complete).  There  is  usually  one  Z  consnand  per  tape.  (Unless 
KEARNS  *  .True.,  see  Section  5. 2. 6. 4  for  definition  of 
KEARNS),  a  Z  coonand  must  be  the  last  command  in  a  record. 

All  characters  in  a  record  following  the  Z  command  must  be 
periods . 

Note  that  the  tape  used  by  Sperry  Univac  is  800  characters  per 
record.  This  is  compatible  with  CDC  equipment  which  also  uses  tapes 
with  800  characters  per  record.  Thus  the  magnetic  tape  produced  by 
program  ELECTRO  can  be  directly  sent  to  Sperry  Univac  without  first 
being  processed  on  IBM  equipment  (see  Section  5.2.3). 


See  Figure  6.1  for  an  example  of  several  records  produced  by 
program  ELECTRO. 

6.3.4  Input  to  Program  ELECTRO 

Input  to  program  ELECTRO  consists  of  TAPE9,  TAPE28,  TAPE29,  and 
the  $ELECTRO  namelist. 

6. 3. 4. 1  TAPE9 

(See  Section  5. 2. 4.1) 

6. 3.4. 2  TAPE28 

(See  Section  5. 2. 4. 2) 

6. 3. 4. 3  TAPE29 

(See  Section  5. 2. 4. 3) 

6. 3. 4. 4  Namelist  $ELECTR0 


Namelist  $ELECTR0  contains  variables  that  define  additional 
specifications  of  the  glass  master.  These  variables  will  be  dis¬ 
cussed  in  the  following  sections. 


6.3.4. 5  ELECTRO  Title  Card 

The  ELECTRO  title  card  goes  right  before  the  $ELECTR0  namelist 
in  the  input  deck  setup.  The  first  four  characters  of  this  card  may 
be  any  alphanumeric  character.  The  fifth  and  sixth  characters  must 
be  digits.  All  other  characters  stay  be  any  valid  character.  The 
first  six  characters  are  used  as  the  label  name  on  the  glass 
master.  (These  first  six  characters  are  actually  flashed  onto  the 
glass  master.)  All  other  characters  are  just  for  user  information 
in  the  printed  output. 
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Figure  6 . 1  Records  Written  on  a  Tape  Created  by  Program  ELECTRO 
(Each  full  row  Is  100  characters  long) 


6.3.5  Output  of  Program  ELECTRO 

The  output  of  program  ELECTRO  consists  of  TAPE48,  TAPE49,  and 
printed  output. 

6 . 3 . 5 . I  TAPE49 


TAPE49  contains  the  instructions  to  the  Sperry  Univac  or  other 
ELECTROMASK  Pattern  Generator.  TAPE49  is  a  physical  tape  that  is 
described  in  Section  6.3.3. 

6 . 3 . 5 . 2  TAPE48 


TAPE48  contains  the  same  information  as  TAPE49.  The  difference 
is  that  TAPE49  is  a  physical  tape,  whereas  TAPE48  is  a  disk  file. 
TAPE48  is  used  as  input  to  the  Pattern  Generator  Simulation  Program 
ELCHECKTEK.  TAPE48  is  needed  because  a  physical  tape  cannot  be  read 
from  the  Tektronix  Machine. 

6. 3. 5. 3  Printed  Output 

The  printed  output  from  program  ELECTRO  contains: 

A)  A  printout  of  the  records  on  TAPE49  similar  to  Figure  6.1. 

B)  A  page  containing  the  final  values  of  important  variables  in 
program  ELECTRO.  This  page  is  used  by  the  programmer  to  help 
verify  the  software  part  of  the  fabrication  process. 

C)  A  page  containing  a  physical  description  of  what  the  glass 
master  should  look  like,  is  useful  to  the  people  at  the  master 
generation  facility  and  the  engineers  at  RADC  to  help  verify 
the  final  product, 

6.3.6  Fabrication  Specifications  Of  The  Glass  Master 

6. 3. 6.1  Introduction 


Many  of  the  specifications  for  fabricating  the  glass  master 
(usually  two  inches  by  two  inches),  such  as  the  number  of  fingers 
per  comb,  relative  overlap  of  fingers,  relative  distance  of  fingers 
from  each  other,  finger  widths,  etc.,  come  from  the  Raytheon  format 
on  TAPE9. 

Other  specifications,  such  as  the  actual  maximum  overlaps  of 
the  combs,  the  number  of  combs,  etc.,  come  from  TAPE28,  containing 
the  $CONVERT  namelist. 

The  Master  Name  Label  comes  from  the  ELECTRO  title  card  as 
described  in  Section  6. 3. 4. 5. 

Still  other  master  specifications,  such  as  the  placement  of  the 
combs  on  the  master,  size  of  the  pads,  magnification  factor,  etc., 
have  not  yet  been  discussed. 
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FIDWID 


1.27E-3 


MASTER 

10.0 

KEARNS 

.False. 

SIDEBY 

.False. 

PADONLY 

. False . 

SHORT 

. False. 

POSITIV 

. False . 

(All  units  are  in  Meters) 

6. 3. 6. 4  The  $ELECTRO  Namelist  Variables  And  Their  Functions 


The  functions  for  the  variables  PATHCL,  MASKCL,  PAD2PAD,  DIS, 
PADWID,  CONOUT,  FIDWID,  MASTER,  KEARNS,  SIDEBY,  PADONLY,  and  SHORT 
are  described  in  Section  5. 2. 6. 4. 

METRIC;  If  METRIC  =  .False. ,  then  the  units  on  the  output  mag¬ 
netic  tape  are  in  micro  inches,  i.e.  1  unit  equals  10~6 
inches . 

If  METRIC  *  .True.,  then  the  units  are  in  tenths  of 
micrometers,  i.e.,  1  unit  equals  10~7  meters. 

POSITIV:  If  POSITIV  =  .True.,  a  positive  master  is  produced.  If 

POSITIV  =  .False.,  a  negative  master  is  produced  (see 
definition  of  "OUTLINE"  for  a  further  description  of  a 
negative  master). 

OUTLINE:  Suppose  one  were  to  produce  a  positive  glass  master  using 

program  ELECTRO.  Now  suppose  another  glass  master  is 
''reduced  using  all  the  same  programs  and  input  parameters 
except  that  "POSITIV"  equals  .False,  (that  is,  a  negative 
master  is  produced).  One  might  expect  that  the  negative 
master  would  be  the  exact  opposite  of  the  positive  master 
(that  is,  wherever  the  positive  master  is  black  the  nega¬ 
tive  master  is  clear,  and  visa  versa) .  Such  is  not  the 
case.  To  produce  a  true  negative  master  would  require  a 
great  number  of  flashes,  and  it  has  been  found  that  this 
is  unnecessary. 

Consider  thap  fiducial  marks  are  used  to  line  up  the 
master  center  lines.  The  technologist  does  not  care  if 
the  fiducial  marks  are  formed  by  two  black  squares  on 
clear  glass,  or  if  they  are  formed  by  two  clear  squares 
surrounded  by  a  sea  of  black. 
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The  Master  Label  Name  is  used  to  identify  the  master.  It 
can  be  identified  just  as  easily  if  it  is  written  in 
black  surrounded  by  clear  as  it  can  clear  surrounded  by 
black. 

Similarly  it  has  been  found  that  it  is  not  necessary  to 
surround  the  actual  combs  by  black  over  the  whole 
master.  It  is  only  necessary  to  surround  the  combs  by  a 
black  "Outline".  The  width  of  this  outline  is  determined 
by  the  variable  "OUTLINE"  (see  Figure  6.2). 

6. 3. 6. 4.1  Variables  RET,  BULGE  Not  Needed 


Since  the  setting  of  the  reticles  is  software  controlled,  it  is 
not  necessary  for  the  user  to  specify  values  for  BULGE  or  RET  (from 
the  $HUGHES  namelist).  All  reticle  setting  is  done  automatically  by 
the  software. 


6. 3. 6. 5  Other  Specifications  Not  Directly  Defined  by  the  $ELECTRO 
Namelist  or  TAPE9.  ~~ 

6. 3. 6. 5.1  Horizontal  Centering  Of  Combs  On  The  Glass  Master 

(See  Section  5. 2. 6. 5.1) 

6. 3. 6. 5. 2  Verticle  Centering  of  Combs  On  The  Glass  Master 

(See  Section  5. 2. 6. 5. 2) 

6. 3. 6. 5. 3  PAD  Length  Of  The  I'th  Comb 


(See  Sections  5. 2. 6. 5. 3  and  6.3.6. 5.1) 

6. 3. 6. 5. 4  Centering  Of  Fingers  On  Pads 

(See  Section  5.2.6. 5.4) 

6.3.6. 5. 5  Fiducial  Marks 

(See  Section  5. 2. 6. 5. 5) 

6. 3. 6. 5. 6  NMINTH  Marks 

Program  EI£CTRO  produces  no  NMINTH  marks  (see  Section 
5. 2. 6. 5. 6). 


6.3. 6. 5. 7  Master  Label 


(See  Section  5. 2. 6. 5. 7) 
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D  istance 


Figure  6.2  Positive  and  Negative  Masters 

Diagram  A  is  an  example  of  a  comb  on  a 
positive  master.  Diagram  B  is  an  example  of 
the  same  comb  on  a  negative  master. 


6.4  Program  ELECTROXY 
6.4.1  Introduction 

Program  ELECTROXY  is  basically  a  more  versatile  version  of 

program  ELECTRO.  Program  ELECTROXY  is  very  similar  to  program 

HUGHESXY.  The  added  features  of  program  ELECTROXY  over  program 

ELECTRO  are  as  follows. 

A)  Program  ELECTROXY  allows  for  up  to  sixteen  combs  on  a  master 
while  program  ELECTRO  allows  only  a  maximum  of  five  combs  on  a 
master. 

B)  Program  ELECTRO  allows  the  user  only  limited  flexibility  in 
the  placement  of  the  combs  on  the  master  while  program 
ELECTROXY  allows  the  user  complete  flexibility  in  the  place¬ 
ment  of  the  combs  on  the  master. 

C)  All  combs  on  a  master  produced  by  program  ELECTRO  have  the 
same  width  pads  as  each  other,  this  width  being  determined  by 
the  variable  PADWID.  Program  ELECTROXY  allows  more  flexi¬ 
bility  in  determining  pad  widths.  Both  pads  on  a  single  comb 
must  still  be  the  same  width;  however,  the  pad  widths  may  vary 
from  comb  to  comb.  The  pads  of  a  particular  comb  can  even  be 
suppressed  entirely  if  the  user  so  desires. 

D)  The  pad  lengths  in  program  ELECTRO  are  determined  by  a  set 
formula  (see  Section  5.2. 6. 3. 3).  Program  ELECTROXY  allows  the 
user  almost  total  flexibility  in  determining  the  pad  length. 

E)  All  combs  on  a  master  produced  by  program  ELECTRO  have  the 
same  maximum  overlap  while  program  ELECTROXY  allows  varying 
maximum  overlaps  from  comb  to  comb. 

F)  The  distance  PADS  (see  Section  3.6.4)  is  the  same  for  all 
combs  on  a  master  produced  by  program  ELECTRO.  Program 
ELECTROXY  allows  the  variable  PADS  to  vary  from  comb  to  comb. 

The  input  to  program  ELECTROXY  consists  of  TAPE9,  TAPE28, 
TAPE29,  the  $ELECTRO  namelist  and  the  ELECTROXY  title  card. 
This  is  the  same  as  for  program  ELECTRO,  only  with  program 
ELECTROXY  TAPE9,  TAPE28,  and  TAPE29  must  come  from  program 
CONVXY,  and  not  program  CONVERT,  since  the  formats  of  these 
tapes  are  not  exactly  the  same.  (For  example,  TAPE28  contains 
the  $CONVERT  namelist  which  is  not  the  same  for  both  CONVXY 
and  CONVERT.)  Also  note  that  the  $ELECTRO  namelist  is  not  the 
same  for  program  ELECTRO  as  it  is  for  ELECTROXY.  The  output 
of  program  ELECTROXY  is  the  same  format  as  program  ELECTRO. 


6.4.2  Added  or  Modifiod  $ELECTRO  Namelist  Variables 
Supplying  Additional  Versatility 


PADWID: 


PADLEN: 


In  program  ELECTROXY,  PADWID  is  a  real  array. 

If,  for  the  I ' th  comb 
PADWID(I)  >  2.54E-8 

then  the  I’th  comb  will  have  two  pads,  each  having  width 
PADWID(I) . 

If  PADWID(I)  -  2.54E-8 

then  the  I'th  comb  will  have  no  pads.  That  is,  only  the 
fingers  will  be  fabricated.  Note  that  the  variable 
"NOPAD '  (from  program  HUGHESXY's  $HUGHES  namelist)  does 
not  exist  for  program  ELECTROXY. 

Default  Value;  PADWID(l)  =  2.0E-3  for  all  combs. 

PADLEN  is  an  added  $ELECTRO  namelist  variable.  PADLEN  is 
a  real  array  which  PADLEN  allows  the  user  to  choose  the 
pad  lengths  for  any  comb  on  the  glass  master.  Both  pads 
on  a  particular  comb,  however,  must  be  the  same  length. 
The  actual  length  of  the  pads  on  the  I'th  comb  of  a 
master  is  PADLEN(l)  *  MASTER.  As  with  HUGHESXY  this  is 
the  only  exception  to  the  rule  of  entering  $CONVERT  data 
at  final  device  size  and  $ELECTRO  data  at  master  size. 
(For  example,  the  PADWID  values  are  absolute  and  not 
multiplied  by  the  variable  MASTER,  i.e.,  the  width  of  the 
pads  of  the  I'th  comb  on  the  glass  master  is  simply 
PADWID(I) . ) 

If  no  value  for  PADLEN(l)  is  specifically  input  by  the 
user  (via  namelist  $ELECTRO)  then  a  temporary  default 
value  of  PADLEN(I)  =  .9E+11  is  assigned.  This  enormous 
value  for  PAOLEN(I)  indicates,  that  although  the  pad 
length  is  not  available  at  the  time  the  $ELECTRO  namelist 
variables  are  printed  out,  eventually  the  pad  length  will 
be  calculated  in  the  standard  way  discussed  in  Section 
5. 2. 6. 3. 3. 


If  for  a  particular  comb  the  user  defined  value  of 
PADLEN(I)  is  less  than  XLEN(I)  (see  Section  5. 2, 6. 3. 3) 
then  PADLEN(I)  is  set  to  XLEN(l).  That  is,  PADLEN(l) 
cannot  be  less  than  XLEN(l). 
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XP:  XP  and  YP  are  both  added  $ELECTRO  namelist  variables: 

YP:  Both  XP  and  YP  are  real  arrays.  The  value  of  XP(l)  and 

YP(I)  determine  the  position  of  the  I'th  comb.  The  I'th 
comb  is  positoned  according  to  the  center  of  its  zero' th 
gap.  (By  the  "center"  of  the  zero'th  gap  we  mean  the 
exact  center  both  horizontally  and  vertically.) 

Example:  XP(3)  =  2.54E-2,  YP(3)  =  2.54E-2.  This  means 
the  center  of  the  zero'th  gap  of  the  third  comb  will  be 
placed  one  inch  above,  and  one  inch  to  the  right  of  the 
origin  on  the  glass  master.  Default  values  are  seldom 
used,  the  user  must  almost  always  input  these  arrays. 

Defaults:  XP(l)  =  .0029881 
YP(I)  =  .0254 


CONOUT : 

As 

in  program  ELECTRO 

PATHOL: 

No 

longer  used 

MASKCL : 

No 

longer  used 

PAD2PAD: 

No 

longer  used 

DIS: 

No 

longer  used 

FIDVriD: 

As 

in  program  ELECTRO 

MASTER: 

As 

in  program  ELECTRO 

KEARNS: 

KEARNS  must  equal  .False,  (default) 

SIDEBY: 

SIDEBY  must  equal  .False,  (default) 

PADONLY: 

As 

in  program  ELECTRO 

POSITIV: 

As 

in  program  ELECTRO 

OUTLINE: 

As 

in  program  ELECTRO 

SHORT: 

As 

in  program  ELECTRO 

METRIC: 

As 

in  program  ELECTRO 
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6.4.4  Variables  From  the  $CONVERT  Namelist  Supplying 
Additional  Versatility 

OVALAP:  The  OVALAP  values  are  supplied  to  program  ELECTROXY  via 

TAPE28.  If  TAPE28  has  been  created  by  CONVXY  (as  it  must 
be  to  run  ELECTROXY)  then  OVALAP  will  be  a  (real)  array. 
The  maximum  overlap  of  the  fingers  of  the  I'th  comb  will 
be  MASTER*OVALAP( I)  (on  the  glass  master). 

PADS:  The  PADS  values  are  supplied  to  program  ELECTROXY  via 

TAPE28.  If  TAPE28  has  been  created  by  CONVXY  (as  it  must 
be  to  run  ELECTROXY),  then  PADS  will  be  a  (real)  array. 
(See  Section  3.6.4  for  a  definition  of  PADS.)  The  values 
of  PADS  will  be  multiplied  by  MASTER  to  create  the  glass 
master. 

NCOMBS:  In  program  ELECTRO  the  maximum  value  for  NCOMBS  is  five, 

while  in  program  ELECTROXY  the  maximum  value  is  sixteen. 


Wl; 


Unlike  program  HUGHESXY  all  the  fingers  on  a  master 
created  by  ELECTROXY  must  have  the  same  width.  On  the 
glass  master  this  width  is  W1(1)*MASTER. 


6 . 5  Program  ELCHECK 


6.5.1  Introduction 


Program  ELCHECK  is  a  simulation  program  that  simulates  the  out¬ 
put  of  the  Pattern  Generator.  Input  to  the  program  is  TAPEA9  from 
either  program  ELECTRO  or  ELECTROXY.  Output  of  the  program  is  a 
plotted  picture  of  the  glass  master  the  Pattern  Generator  is  ex¬ 
pected  to  fabricate. 

6.5.2  Input  to  Program  ELCHECK 

6. 5. 2. 1  TAPE49 


TAPE49  is  a  physical  Cape  which  is  created  by  either  program 
ELECTRO  or  program  ELECTROXY. 

6. 5. 2. 2  ELCHECK  Title  Card  (Optional) 

The  card  input  Co  program  ELCHECK  consists  of  the  ELCHECK  title 
card  followed  by  Che  $ELCHECK  namelist.  The  first  30  characters  of 
the  ELCHECK  title  card  are  printed  on  the  output  plots  and  must 
contain  the  name  and  telephone  number  of  the  user. 


6. 5. 2. 3  The  $ELCHECK  Namelist 

6. 5. 2. 3.1  The  $ELCHECK  Namelist  Variables  And  Their  Type 


PLTSIZE: 

Real 

MSTSIZE: 

Real 

HAG 

Real 

METRIC 

Logical 

6. 5. 2. 3. 2  The  $ELCHECK  Namelist  Variables  And  Their  Defaults 


PLTSIZE 

10. 

MSTSIZE 

2. 

MAG 

8. 

METRIC 

. True . 

6. 5. 2. 3. 3  The  $ELCHECK  Variables  And  Their  Functions 

PLTSIZE:  The  size  of  the  plotted  picture  of  Che  glass  master  is 

PLTSIZE  inches  long  by  PLTSIZE  inches  wide.  (It  is 
assumed  that  Che  glass  master  is  square.) 


MSTSIZE:  MSTSIZE  is  the  length  and  width  (in  inches)  of  the  actual 

master  to  be  fabricated.  (It  is  assumed  that  the  glass 
master  is  square.) 

MAG:  Figure  6.3  is  an  example  of  a  plotted  picture  produced  by 

program  ELCHECK.  Note  the  rectangle  outlined  by  the 
dotted  line.  This  portion  of  the  picture  will  be  magni¬ 
fied  in  the  next  plotted  frame.  The  magnification  will 
be  such  that  the  width  of  the  rectangle  will  take  up  the 
whole  width  of  the  paper  (that  is,  the  width  will  be 
"PLTSIZE",  which  is  usually  ten  inches).  The  bottom  edge 
of  the  rectangle  always  goes  from  fiducial  mark  to 
fiducial  mark.  The  height  of  the  rectangle  will  be: 

PLTSIZE/ (2*MAG)  (inches) 

In  the  example  shown  in  Figure  6.3  MAG  =  8.  Thus,  the 
height  of  the  rectangle  is  PLTSIZE/16,  and  the  rectangle 
will  be  magnified  sixteen  times  in  the  next  frame.  In 
general  the  magnification  factor  will  be  (2*MAG).  If  MAG 
^0.0,  then  the  magnification  frame  is  suppressed. 

METRIC:  The  value  of  METRIC  in  the  $ELCHECK  namelist  should 

always  be  the  same  value  as  METRIC  in  the  $ELECTR0  name- 
list  (see  Section  6. 3. 6. 4). 


6.5.3  Output  of  Program  ELCHECK 


The  output  of  program  ELCHECK  is  the  plotted  picture  of  the 
glass  master  and  printed  output  giving  the  values  of  the  $ELCHECK 
variables . 


6.5.4  Differences  Between  Programs  ELCHECK  And  HUESCHK 


Program  HUESCHK  simulates  an  Electromask  Step  and  Repeat 
machine.  Program  ELCHECK  simulates  an  Electromask  Pattern 
Generator.  With  a  Step  and  Repeat  machine  the  operator  must  be 
given  written  instructions  describing  what  size  reticles  to  use  and 
when  to  change  them.  TAPE50,  created  by  HUGHES  or  HUGHESXY  and  used 
as  input  by  HUESCHK  represents  this  written  information.  With  a 
Pattern  Generator  the  reticle  sizes  are  given  directly  by  the  mag¬ 
netic  tape.  Thus,  no  reticle  information  is  needed  by  the 
operators.  Similarly  TAPE50  is  not  needed  by  program  ELCHECK. 

Thus,  TAPE50  is  neither  created  by  program  ELECTRO  (or  ELECTROXY) 
nor  read  by  program  ELCHECK. 


Program  HUESCHK  allows  the  user  to  vary  plotting  time  with  the 
variables  PDEN,  FDEN,  HALF  and  KPIK.  Program  ELCHECK  does  not  have 
this  capability. 
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Figure  6.3  Picture  of  a  Negative  Master  from  a 

Tape  Created  By  ELECTROXY  and  Simulated 
by  Program  ELCHECK _ 

Note  that  the  upper  left  comb  has  no  Pads.  Everything 
except  the  dashed  line  and  the  words  "dashed  area  magnified 
In  next  frame"  will  be  flashed  on  the  glass  master. 
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6.6  Program  ELCHECKTEK 


6.6.1  Introduction 


Program  ELCHECKTEK  is  similar  to  program  ELCHECK.  The  dif¬ 
ference  is  that  program  ELCHECK  produces  the  picture  of  the  master 
on  a  CAL-COMP  plotter.  Program  ELCHECKTEK  displays  the  picture  of 
the  master  on  the  cathode  ray  tube  of  the  Tektronix  machine.  By 
pushing  a  button  on  the  Tektronix  machine  the  user  may  obtain  a  hard 
copy  of  the  picture  shown  on  the  screen.  The  advantage  of  using  the 
Tektronix  machine  is  that  the  turn-around  time  is  immediate.  When 
using  program  ELCHECK  the  user  must  wait  to  receive  the  plot.  The 
user  may  get  a  picture  on  the  Tektronix  machine  by  using  program 
ELCHECKTEK  immediately  after  program  ELECTRO  (or  ELECTROXY)  has  been 
run. 


The  disadvantages  of  using  ELCHECKTEK  are: 

A)  The  quality  of  the  picture  (size  and  resolution)  is  much 
poorer  on  a  hard  copy  produced  by  ELCHECKTEK  than  on  a  plot 
produced  by  program  ELCHECK. 

B)  The  magnified  frame  often  comes  out  distorted  on  the  Tektronix 
machine  due  to  its  limited  screen  size. 

It  is  possible  to  run  program  ELECTRO  (or  ELECTROXY)  and 
ELCHECK  in  the  same  run  and  then  go  over  to  the  Tektronix  machine 
and  run  program  ELCHECKTEK.  In  this  way  the  user  can  know  im¬ 
mediately  if  the  master  being  simulated  looks  reasonable.  If  the 
Tektronix  picture  is  not  what  the  user  expected  one  can  go  to  the 
computer  center  and  abort  the  plot  job  thereby  saving  valuable  plot 
time.  If  the  Tektronix  picture  seems  reasonable  one  can  wait  for 
the  CAL-COMP  plot  for  further  details.  Program  ELCHECKTEK  is  parti¬ 
cularly  useful  in  debugging  a  new  version  of  program  ELECTRO  or 
ELECTROXY.  In  order  to  use  the  Tektronix  machine  it  is  advised  that 
the  user  know  something  about  the  Hanscom  AFB  CDC  6600  time  sharing 
system,  otherwise  one  may  run  into  situations  one  does  not  know  how 
to  handle  (time  limits,  typing  mistakes,  etc.). 

6.6.2  Input  to  Program  ELCHECKTEK 


Input  to  program  ELCHECKTEK  consists  of  TAPE49  and  input  typed 
directly  into  the  Tektronix  machine. 

6.6.2. I  TAPE49 


Let  us  describe  where  TAPEA9  comes  from.  First  consider  pro¬ 
gram  ELECTRO  (or  ELECTROXY) .  Program  ELECTRO  (or  ELECTROXY) 
produces  both  TAPEA8  and  TAPEA9.  TAPEA9  is  a  physical  tape  that 
cannot  be  read  from  the  Tektronix  machine. 


For  this  reason  TAPB48  has  been  created.  TAPE48  contains  the  same 
information  as  TAPE49,  only  it  is  a  diaV  file  instead  of  a  physical 
tape.  Thus,  if  the  user  is  planning  to  run  program  ELCHECKTEK  from 
the  Tektronix  machine,  TAPE48  must  be  saved  as  a  permanent  file. 

Now  consider  it  from  the  point  of  view  of  program  ELCHECKTEK. 
ELCHECKTEK  requires  a  disk  file  called  TAPE49  as  input.  Thus,  the 
user  must  create  a  TAPE49  from  the  information  saved  as  TAPE48.  The 
details  for  doing  this  are  described  in  Sections  6.5.3  and  6.5.4. 

6. 6. 2. 2  User  Input  Directly  Into  The  Tektronix  Machine 

This  will  be  discussed  in  Section  6.6.4. 

6.6.3  Preliminary  Steps  Needed  To  Run  Program  ELCHECKTEK 

In  the  control  card  setup,  before  Program  ELECTRO  (or 
ELECTROXY)  is  run,  request  TAPE48  as  a  permanent  file.  After  pro¬ 
gram  ELECTRO  (or  ELECTROXY)  has  been  run  save  TAPE48  as  a  permanent 
file.  An  example  of  this  section  of  the  control  cards  follows; 

REQUEST , TAPE48 , *PF . 

ELECTRO. 

CATALOG , TAPE48 , SAVETAPE48 , ID=ELTERMAN , MR= 1 . 

6.6.4  Running  Program  ELCHECKTEK  On  The  Tektronix  Machine 

Assuming  the  preliminary  steps  discussed  in  Section  6.6.3  have 
been  followed,  complete  the  following  dialog  with  the  machine.  In 
the  following  example  underlined  text  represents  text  written  on  the 
Tektronix  machine  by  the  computer.  Non-under lined  text  represents 
commands  typed  into  the  Tektronix  machine  by  the  user.  Text  in 
parenthesis  represents  the  author's  comments.  +  means  the  user 
should  press  the  carriage  return  on  the  Tektronix  machine.  "A"  is 
the  notation  used  to  mean  the  user  should  press  the  space  bar. 

LOGIN, NAME, CODE, 86 1444, SUP  + 

(The  user  must  have  one's  own  LOGIN  name  and  code.) 

COMMAND  SCREEN, 80, 66. i 

COMMAND  ATTACH , ELCHECK , ELCHECKTEK , ID'ELTERMAN , MR* 1 .  i 

(ELCHECKTEK  must  be  cataloged  under  user's  ID  as  a  binary  file.) 
COMMAND  ATTACH , TAPE49 , SAVETAPE48 , ID-ELTERMAN,MR*1 . + 

COMMAND  ATTACH, TEK,TEKL IB. i 
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COMMAND 


LIBRARY. TEK.  i- 


COMMAND  ELCHECK.  i 

(Wait  for  the  computer  to  print  out  a  question  mark) 


^$ELCHECK$  ^(options  may  be  input  if  the  user  wishes) 

(Wait  for  the  computer  to  write  the  following  message.) 

1  GO/ERASE 

2  ^/SAVE 

3  EXIT 
ENTER  OPTION 

(The  user  should  respond  with) 

1  + 

(The  above  message  may  be  repeated  several  times,  each  time  the  user 
should  type) 

1  + 

(until  a  picture  similar  to  Figure  6.10  comes  on  the  screen.  At 
this  point  the  user  can  study  the  picture  and  get  a  hard  copy  if  one 
wishes  by  pressing  the  "Copy"  button.  (Make  sure  the  hard  copy 
machine  is  turned  on  and  warmed  up.  After  leaving,  turn  the  hard 
copy  machine  off.)  The  user  may  type) 

1+ 

(Once  more  to  see  the  (probably  distorted)  magnified  frame.  After 
this  type) 


3-*- 

COMMAND  LOGOUT 

(Push  the  screen  reset  button  and  you  are  now  ready  to  leave.) 
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7.0  PROGRAM  TRPLOT 


7 . I  General  Description 

Program  TRPLOT  plots  a  picture  of  a  transducer  directly  from 
the  output  (i.e.  TAPE9  and  TAPE29)  of  program  CONVERT.  Since  there 
are  no  namelists,  nor  other  input  options,  program  TRPLOT  is  very 
easy  to  use.  If  program  CONVERT  has  been  run  correctly  then  program 
TRPLOT  can  be  run  with  no  further  preparation  (see  Figure  7.1). 

Program  TRPLOT  does  not  plot  a  scaled  picture  of  the  transducer 
but  rather  plots  the  transducer  in  a  way  that  makes  it  easy  to  see 
the  relative  overlap  of  any  two  elements. 

The  distance  Ho(0]  is  always  plotted  eight  inches  long  and  all 
other  Ho[N]  or  Ho[ NTAP]  values  are  scaled  accordingly. 

Example:  If  Ho[0j  =  1 

and  Hof  1]  =  .8 

Then  the  plotted  overlap  at  the  O'th  gap  (or  tap)  will  be  8  inches 
long,  while  the  plotted  overlap  at  the  I'th  gap  (or  tap)  will  be  6.4 
inches.  The  distance  EXTRA  (see  Section  3.6  under  "PADS")  is  also 
scaled.  Thus,  the  plotted  distance  of  EXTRA  is  (8) (EXTRA).  The 
width  of  the  bus  bars  .however,  are  always  1/2  inch. 

From  the  above  description  we  can  see  that  the  vertical  di¬ 
mensions  (except  for  the  bus  bars)  of  the  plot  are  scaled  to  that  of 
the  actual  transducer. 

In  the  horizontal  direction  the  dimensions  of  the  plot  are  also 
in  scale  with  the  actual  transducer.  However,  the  scale  factors  for 
the  horizontal  and  vertical  dimensions  are  not  necessarily  the  same. 

Example:  An  actual  transducer  has  an  overlap  of  300E-6 

meters  at  the  zero' th  gap.  (This  is  the  default 
value  of  OVALAP,  from  the  $C0NVERT  namelist) .  The 
actual  widths  of  the  electrodes  are  1.2E-6.  (This 
is  the  default  value  of  both  W1  and  Vf2 ,  from  the 
$C0NVERT  namelist.) 

In  the  vertical  direction  the  length  of  the  overlap  at  the 
zero'th  gap  will  be  increased  from  500E-6  meters  to  8  inches. 

Eight  inches  eqi-  is  .2032  meters. 

.2032  Meters  *  A  magnification  factor  of  406.4  in  the 

500E-6  Meters  vertical  direction 
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In  the  horizontal  direction  the  width  of  the  electrodes  will  be 
increased  from  1.2E-6  meters  to  1/30  of  an  inch. 

1/30  inch  =  .847E-3  meters 

.847E-3  Meters  =  A  magnification  factor  of  705.6  in  the 

1.2E-6  Meters  horizontal  direction. 

Thus,  the  overall  length  of  the  plotted  transducer  will  be 
about  705  times  the  length  of  the  actual  transducer,  while  the  width 
of  the  plotted  transducer  will  only  be  about  406  times  the  width  of 
the  actual  transducer. 

The  result  is  simply  that,  a  plot  from  program  TRPLOT  is  easy 
to  look  at  and  gives  one  a  visual  description  of  some  of  the  trans¬ 
ducer's  important  properties,  but  is  not  an  accurate  picture  of  the 
real  transducer. 

On  the  left  and  right  sides  of  the  plotted  transducer  are 
plotted  two  axes  (the  Y-axes) .  The  total  lengt  .  of  the  Y-axes  is 
ten  inches.  There  are  tic  marks  every  inch  along  the  axes.  The 
distance  Ho[0]  is  plotted  8  inches  long,  but  the  value  of  Ho[0]  is 
1.  The  Y-axes  are  scaled  according  to  this.  The  bottom  of  the 
zero'th  overlap  is  Y  =  0  and  the  top  of  the  zero'th  overlap  is  Y  =  1. 

On  the  top  and  bottom  of  the  plotted  transducer  are  plotted  two 
axes  (the  X-axes) .  The  X  =  0  point  is  right  below  the  left  edge  of 
the  leftmost  finger.  Tic  marks  occur  every  inch  and  the  axes  are 
scaled  such  that  the  numbers  represent  the  actual  length  of  the 
physical  transducer  in  millimeters.  (In  Figure  7.1  the  real  length 
of  the  transducer  would  be  about  .05  millimeters  from  first  finger 
to  last  finger.) 

7 . 2  Input 


Input  to  program  TRPLOT  consists  of  TAPE9  and  TAPE29  (from 
program  CONVERT)  and  an  optional  plot  identification  card. 

TAPE9  contains  Raytheon  descriptions  of  up  to  five  separate 
transducers,  each  separated  by  an  end  of  file  mark.  Program  TRPLOT 
will  produce  a  plot  for  each  transducer  on  TAPE9 . 

TAPE29  contains  title  card  information  from  the  title  cards 
used  in  the  HoInI  and  ACT[  M]  (or  Ho(NTAP]  and  TCA  NTAP  )  decks, 
along  with  the  values  of  EXTRA  and  DUMMY  (DUMMY  is  from  the  $C0NVERT 
namelist  (see  Section  3.6)  for  each  transducer.) 

The  optional  plot  identification  card  is  used  to  provide  the 
name  of  the  initiator.  The  first  thirty  characters  are  read  from 
the  card  and  printed  on  the  plot.  If  this  card  is  omitted,  then  the 
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identification  default  is:  "SLOBODNIK  X3716  TRANSDUCER  PLOT". 

Thus,  the  input  deck  for  program  TRPLOT  is  either  a  label  card 
followed  by  a  789  card,  or  just  a  789  card. 

7 . 3  Output 

Output  from  program  TRPLOT  consists  of  the  plot,  printed  output 
and  TAPE13. 

The  printed  output  consists  solely  of  the  number  of  the  trans¬ 
ducer  on  TAPE9  (i.e.  I,  2,  3,  4  or  5)  followed  by  the  title(s)  from 
the  corresponding  Hoi  Nl  and/or  ACTl  Ml  decks  (or  HolNTAPl  and/or  TCA 
[NTAP]  decks). 

TAPE13  contains  the  coordinates  of  the  plotted  transducers, 
which  can  be  dumped  out  as  printed  output  if  the  user  so  desires. 
TAPE13  has  no  other  purpose. 


\ 
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Figure  7.1  Plot  from 

Program  TRPLOT 
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8.0  STANDARD  SAW  DEVICE  ANALYSIS  PROGRAMS 


8 . 1  Introduction 

The  programs  in  this  section  are  used  to  mathematically  analyze 
a  SAW  device.  Three  of  the  programs  discussed  in  this  section 
(GRAF,  GRAFTER,  SEEIT)  were  designed  and  programmed  by  ACSI  per¬ 
sonnel.  These  programs  will  be  discussed  in  detail.  Four  of  the 
programs  discussed  in  this  section  (COMBS,  MATCH3,  PULSE,  TRANS) 
were  not  written  by  ACSI  personnel.  Hence  only  program  modifi¬ 
cations  implemented  by  ACSI  personnel  and  the  manner  in  which  these 
programs  interface  with  ACSI  programs  will  be  discussed. 

8.2  Program  COMBS 

8.2.1  ACSI  Modifications 

A)  The  real  array  X  was  originally  dimensioned  to  4000.  It  is 
now  dimensioned  to  9000. 

B)  The  integer  IDIM  was  originally  set  to  4000  in  a  data  state¬ 
ment.  It  is  now  set  to  9000  (in  the  same  data  statement). 

8.2.2  Interfacing  With  ACSI  Programs 

Program  COMBS  accepts  as  input  (among  other  inputs)  TAPE9 
created  by  program  CONVERT.  (TAPE9  from  program  CONVXY  should  not 
be  used.)  As  output  program  COMBS  produces  TAPEIO  that  can  be  used 
by  MATCH3  or  by  program  GILPM  (GILPM  is  an  ACSI  program  which  will 
be  discussed  in  Chapter  9). 

8.3  Program  MATCH3 

8.3.1  ACSI  Modifications 


Two  subroutines  were  added  to  MATCH3.  Subroutine  SMITH  and 
subroutine  CHART.  Together  these  two  routines  produce  a  SMITH  CHART 
plot  of  the  data 

8.3.2  Interfacing  With  ACSI  Programs 

MATCH3  accepts  TAPEIO  (from  program  COMBS)  as  input.  As  output 
it  produces  SMITH  CHARTS,  TAPEll,  and  TAPE22 .  TAPE22  contains 
insertion  loss  versus  frequency  data  and  is  used  by  program  GRAF, 
GRAFTER  and  GILPM. 

8.4  Program  TRANS 

8.4.1  ACSI  Modifications 


A  number  of  variables  were  added  to  the  $TRANS  namelist.  If 
LINEAR  >  .True. ,  then  a  linear  plot  is  produced  and  the  following 
variables  are  envoked:. 
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Variable  (with  defaults) 

TDIV  ’*  1.0,  1.0,  1.0  (number  of  microseconds  per 

divison  on  horizontal  scale) 

TSTART  “  0.0,  0.0,  0.0  (value,  in  microseconds,  of  the 

second  tic  mark  on  horizontal 
scale) 

MAX  *  F,  F,  F  (a  logical  array  which,  when  .True., 

causes  the  maximum  amplitude  of  the 
curve  to  be  centered  on  the  plot  thus 
overriding  TSTART) 

XPAND  =  1.0,  1.0,  1.0,  (the  maximum  point  on  the  plot  is 

normalized  to  XPAND) . 
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AMPLITUDE 


If  LINEAR  =  .False,  then  a  db  plot  is  produced. 


The  variable  XPAND  is  used  to  normalize  the  curve.  The  maximum 
point  on  the  plot  is  normalized  to  "XPAND". 

8.4.2  Interfacing  With  ACSI  Programs 

TRANS  does  not  directly  interface  with  any  ACSI  program. 
Indirectly  it  accepts  input  through  CONVERT  in  the  following 
sequence . 

CONVERT  --  COMBS  MATCH  — ^  TRANS . 

8 . 5  Program  PULSE 
8.5.1  ACSI  Modifications 


None . 

8.5.2  Interfacing  with  ACSI  Programs 


PULSE  does  not  directly  interface  with  any  ACSI  programs,  but 
provides  input  to  program  TRANS.  TRANS  indirectly  interfaces 
with  program  CONVERT. 

8.6  Program  GRAF 

8.6.1  Introduction 


Program  GRAF  plots  insertion  loss  in  decibels  as  a  function  of 
frequency  in  megahertz.  Data  for  program  GRAF  comes  from  Tape22 
which  is  produced  by  program  MATCH2  or  GILPM.  There  is  only  one  set 
of  data  on  TAPE22;  however,  this  one  set  of  data  may  produce  as  many 
as  four  different  graphs.  Each  graph,  although  using  the  same  data, 
may  look  different  because  of  different  scaling  factors  and/or 
normalization  techniques.  Namelist  $PLTDAT  contains  the  variables 
that  determine  both  the  number  of  graphs  to  be  produced  and  the 
scaling  and  normalization  procedures  for  each  graph  produced.  Each 
graph  (independent  of  $PLTDAT  variables)  has  an  X-axis  ten  inches 
long  and  a  Y-axis  eight  inches  long.  Both  axes  have  one  tic  mark 
every  inch.  The  bottom  of  the  Y-axis  has  a  value  of  80  decibels. 

All  other  values  assigned  to  tic  marks  are  controlled  by  the  vari¬ 
ables  on  the  $PLTDAT  namelist. 

8.6.2  TAPE22  (from  program  MATCH2  or  program  GILPM) 

The  first  record  on  TAPE22  contains  a  heading  (to  be  plotted  on 
each  graph)  100  characters  long  followed  by  a  logic  field  of  length 
1.  The  actual  statement  used  to  read  this  record  is:  READ(22,100) 
HEAD,  LABLE. 
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HEAD  is  an  array  variable  of  length  10  and  LABLE  is  a  logical 
variable.  The  format  used  to  read  this  record  is: 

100  FORMATdOAlO,  LI) 

If  LABLE  «  TRUE  then  the  second  record  is  a  second  heading  also 
100  characters  long  (to  be  plotted  on  each  graph).  The  format  of 
the  second  heading  is  (lOAlO). 

The  next  record  (either  the  second  or  third  record)  contains 
the  variables  ICOUNT,  DV,  SIZE,  PROGID,  NO.  The  format  of  this 
record  is  (15,  2F10.5,  3A10,  12).  The  variable  functions  are  as 
follows: 

ICOUNT:  The  number  of  records  to  follow 

DV:  Presently  not  used. 

SIZE:  The  value  of  size  from  TAPE22  is  presently  not  used.  The 

value  of  size  is  reset  to  ten  shortly  after  being  read 
in.  Size  is  the  length  of  the  X-axis  for  each  graph. 

PdOGID:  This  is  the  plot  identification  to  appear  at  the  begin¬ 

ning  of  the  plot  (usually  containing  the  name  and  tele¬ 
phone  extension  of  the  program  user) .  PROGID  is 
initially  read  in  from  the  card  preceding  the  $MATCH 
namelist. 

NO:  A  number  originally  defined  by  the  $MATCH  namelist,  NO  is 

simply  a  number  used  for  identification  purposes.  This 
number  gets  plotted  9  1/4  inches  above  the  plotting 
origin  (the  plotting  origin  is  in  the  lower  left  corner 
of  the  graph) . 

The  next  "ICOUNT"  records  contain  the  insertion  loss  data.  The 
format  of  these  records  is  (2020).  These  records  are  read  into  the 
variables  FF(I)  and  XLOSS(I)  for  I  »  1  to  ICOUNT.  The  array  FF 
contains  the  frequency  data  in  Hertz  (note  that  the  graph  itself  has 
units  of  megahertz  along  the  X-axis).  The  array  XLOSS  contains  the 
corresponding  insertion  loss  for  each  frequency  in  decibels. 

The  program  user  would  usually  not  be  concerned  with  the  format 
of  TAPE22.  If  program  HATCH2  is  run  correctly  then  TAPE22  will  be 
there  when  needed  by  program  GRAF. 

8.6.3  Namelist  $PLTDAT 

8 . 6 . 3 . 1  Namelist  $PLTDAT  Variables  And  Their  Types 
DIV: 


FZERO: 


Real  array  of  length  4 
Real  array  of  length  4 


UNCAL: 


Real  array  of  length  4 


TONES: 

Real  array  of  length  4. 

8. 6. 3. 2 

Namelist  $PLTDAT  Variables 

And  Their  Defaults 

DIV: 

0.0,  0.0,  0.0,  0.0 

FZERO: 

500. E6,  500. E6,  500. E6, 

DY: 

-10.0 

UNCAL: 

99.0,  99.0,  99.0,  99.0 

TONES : 

0.0,  0.0,  0.0,  0.0 

8. 6. 3. 3 

Namelist  $PLTDAT  Variables 

And  Their  Functions 

DIV: 


DIV  controls  both  the  units  per  tic  mark  along  the  X-axis 
and  the  number  of  graphs  that  will  be  plotted. 

The  value  DIV(l)  is  the  change  in  frequency  from  one  tic 
mark  to  the  next  (along  the  X-axis).  The  value  DIV(I)  is 
in  Hertz.  The  units  used  on  the  actual  plot  is  maga- 
hertz.  Thus,  if  one  wanted  the  distance  between  tic 
marks  to  represent  an  increase  in  frequency  of  two  mega¬ 
hertz,  then  the  appropriate  DIV(I)  would  equal  two 
million. 


The  program  plots  as  many  graphs  as  there  are  consecutive 
positive  values  of  DIV.  Examples: 


A) 

DIV(l) 

=  0 

B) 

DIV(l) 

=  1.E6 

DIV(2) 

=  0 

C) 

DIV(l) 

=  1.E6 

DIV(2) 

*  2.E6 

DIV(3) 

»  0 

D) 

DIV(l) 

»  1.E6 

DIV(2) 

-  2.E6 

D1V(3) 

=  3.E6 

DIV(4) 

=  -1.E6 

E) 

DIV(l) 

-  1.E6 

DIV(2) 

-  1,E6 

DIV(3) 

-  1.E6 

DIV(4) 

-  1.E6 

No  graphs  are  plotted 

1  graph  plotted 

2  graphs  plotted 

3  graphs  plotted 


4  graphs  plotted 


FZERO: 


DY: 


UNCAL: 


FZERO(I)  is  the  value  of  the  frequency  in  the  middle 
(i.e.  five  inches  of  the  axis  is  to  the  left  and  five 
inches  of  the  axis  is  to  the  right)  of  the  X-axis,  of  the 
I'th  graph.  FZERO(l)  is  in  hertz.  The  actual  numbers 
plotted  on  the  graph  are  in  megahertz.  Thus,  if  one 
wanted  a  value  of  SO  megahertz  at  the  middle  of  the  I ' th 
graph,  then  FZERO(I)  would  equal  50. E6  (i.e.  fifty 
million).  Together  FZERO(I)  and  DIV(l)  determine  the 
range  along  the  Y-axis. 

Example: 

If  DIV(l)  -  1.E6 

and  FZERO(l)  »  50. E6 

then  the  X-axis  would  range  from  45  megahertz  to  55 
megahertz  (see  Figure  8.1). 

DY  controls  the  values  of  the  tic  marks  along  the 
Y-axis.  As  stated  in  Section  8.6.1  the  Y  value  at  the 
bottom  of  the  graph  is  80  decibels.  To  get  the  value  of 
the  next  highest  tic  mark  simply  add  the  value  DY.  If  DY 
*  -10  (default) ,  then  the  Y-axis  will  range  from  80  to  0 
decibels  and  the  values  of  the  tic  marks  along  the  Y-axis 
will  be  70,  60,  50,  40,  30,  20  and  10  (see  Figure  8.2). 

UNCAL(I)  is  used  to  shift  the  data  up  or  down  along  the 
Y-axis.  That  is,  a  constant  is  either  added  to  or  sub¬ 
tracted  from  all  the  numbers  in  the  XLOSS  array.  The 
corresponding  X  values  (in  the  FF  array)  are  not  changed 
(see  Section  8.6.2  for  definitions  of  XLOSS  and  FF 
arrays) . 

The  rules  for  UNCAL(I)  are  as  follows: 

A)  If  UNCAL(I)  »  99.  (Default)  then  the  Y  values  of  the 
I'th  graph  are  not  shifted.  That  is,  array  XLOSS 
remains  unchanged. 

B)  If  UNCAL(I)  f  99. 

Then  the  smallest  value,  XLOSSMIN,  of  the  XLOSS  array  is 
found  and  the  following  constant  is  computed: 

SHIFT  «  UNCAL(I)  -  XLOSSMIN 

then  XLOSS(J)  -  XL0SS(J)+SHIFT  For  J«^l, 

ICOUNT  is  the  length  of  the  XLOSS  array  (see  Section 

8.6.2). 


Example  1:  ICOUNT  -  5 
UNCAL  -  10 

XLOSS  -  50,  40,  30,  40,  50 
SHIFT  -  UNCAL  -  XLOSSMIN  -  10  -  30  -  -  20 
and  XLOSS(J)  •  XLOSS(J)  -  20  for  J-1,  ICOUNT 
Thus  new  XLOSS  array  *  30,  20,  10,  20,  30 
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Note  that  the  minimum  value  of  the  new  XLOSS  array  is 
equal  to  UNCAL.  This  is  always  the  case. 

In  the  actual  computer  program  the  XLOSS  array  is  un¬ 
changed  and  the  scratch  work  is  done  in  array  XDIFF 
(XDIFF  is  the  array  that  actually  gets  plotted).  Logi¬ 
cally,  however,  what  happens  is  as  described  above. 

TONES:  If  TONES(I)  »  0.0  (Default)  then  the  I'th  graph  is 

plotted  without  little  "arrows". 

If  TONES(I)  0.0,  then  little  arrows  are  plotted  on  the 

I'th  graph.  These  arrows  are  1  inch  long  and  point 
directly  downward.  The  top  tip  of  the  arrow  is  three 
inches  above  the  X-axis.  The  bottom  tip  of  the  arrow  is 
two  inches  above  the  X-axis.  One  arrow  always  points 
directly  at  the  X  ®  FZero  point.  The  spacing  between 
arrows  is  TONES  and  is  in  units  of  Hertz.  The  units 
along  the  X-axis  are  in  megahertz.  Thus,  if  for  example, 
DlV(l)  =  1.E6  and  TONES(l)  =  1.3E6  then  the  arrows  will 
be  spaced  1.3  inches  apart.  In  general  the  spacing  of 
the  arrows  will  be: 

TONES(I) 

DIV(I)  inches 

(See  Figure  8.3) 

8.6.4  Miscellaneous  Points  of  Interest 


8. 6. 4.1  The  maximum  number  of  points  that  can  be  plotted  (i.e.  maximum 
length  of  both  XLOSS  and  FF  arrays)  is  2038. 

8. 6. 4. 2  If  a  Y  point  (i.e.  a  value  in  the  XLOSS  array)  falls  above  or  below 
the  limits  of  the  graph  (as  determined  by  variable  DY) ,  then  this  value 
is  set  to  either  the  top  or  bottom  limit  (according  to  which  limit  was 
exceeded)  of  the  graph. 

Example:  ICOUNT  =  7 

DY  =  -5 

XLOSS  =  90,  80,  50,  30,  50,  60,  70 

Thus,  the  Y-axis  goes  from  80  at  the  bottom  to  40  at  the  top.  The  XLOSS 
array  will  be  changed  to: 

XLOSS  »  80,  80,  50,  40,  50,  60,  70 

In  the  event  that  UNCAL  ^  0,  then  the  UNCAL  algoiithm  will  be 
applied  to  the  data  before  the  limits  of  the  data  are  checked. 
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8.6.4. 3  If  an  X  Point  (i.e.  a  value  in  the  FF  array)  is  to  the  left  or 
right  of  the  graph  limits  along  the  X-axis  (as  determined  by  FZERO 
and  DIV) ,  then  the  point  does  not  get  plotted. 


Example  I ;  ICOUNT 
DIV 
FZERO 
FF 


-  7 

-  I.E6 

-  50. E6 

-  47. E6,  48. E6,  49. E6,  50. E6,  51, E6, 
52. E6,  53. E6 


Hence,  for  Example  1,  the  left  and  right  limits  of  the  graph 
will  be  X  «  45. E6  and  X  »  55. E6,  and  thus  all  the  points  will  be 
plotted. 


Example  2:  ICOUNT 
DIV 
FZERO 
FF 


7 

.5E6 
52.  E6 

47. E6,  48. E6.  49. E6,  50. E6,  51, E6, 
52. E6,  53. E6 


Then  the  left  and  right  limits  of  the  graph  will  be  X  =  49.5E6 
and  X  *  54.5E6,  and  thus  only  the  last  four  points  will  be  plotted. 
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Figure  8 . 1  Illustration  of  X-Axla  of  Graph  from  Program  GRAF 
In  this  case,  FZERO-50.E6,  DIV-1.E6 
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Figure  8.3  CBAF  Plot  With  Tones  Option 
DIV=1.E6,  FZERO=50.E6,  T0NES=1.3E6 


8.7  Program  GRAFTEK 

8.7.1  Introduction 


Program  GRAFTEK  is  similar  to  program  GRAF.  The  difference  is, 
that  with  program  GRAF  the  insertion  loss  plots  are  plotted  on  a 
Cal-Comp  plotter  while  in  program  GRAFTEK  the  insertion  loss  plots 
are  shown  on  the  cathode  ray  tube  of  the  Tektronix  machine.  By 
pushing  a  button  on  the  Tektronix  machine  the  user  may  obtain  a  hard 
copy  of  the  picture  shown  on  the  screen.  The  advantage  of  using  the 
Tektronix  machine  is  that  the  turn-around  time  is  inmediate.  Wlien 
using  program  GRAF  the  user  must  wait  to  receive  the  plot.  The  user 
may  get  a  picture  on  the  Tektronix  machine  by  using  program  GRAFTEK 
immediately  after  program  MATCH  or  program  GILPM  has  been  run. 

8.7.2  Input  to  Program  GRAFTEK 

Input  to  program  GRAFTEK  consists  of  TAPE22  and  input  typed 
directly  into  the  Tektronix  machine.  TAPE22  contains  a  heading 
followed  by  frequency  vs.  insertion  loss  data.  TAPE22  is  usually  a 
disk  file  created  by  either  MATCH3  or  GILPM. 

8.7.3  Preliminary  Steps  Needed  To  Run  Program  GRAFTEK 

In  the  control  card  setup,  before  program  MATCH3  (or  GILPM)  is 
run,  request  TAPE22  as  a  permanent  file.  After  program  MATCH3  (or 
GILPM)  has  been  run  save  TAPE22  as  a  permanent  file.  An  example  of 
this  section  of  the  control  cards  follow: 

REQUEST, TAPE2 2, *PF 

MATCH3 

CATALOG , TAPE2  2 , S AVETAPE2  2 , 1 R-ELTERMAN , MR- 1 . 

8.7.4  Running  Program  GRAFTEK  On  The  Tektronix  Mach  ire 

Assuming  the  preliminary  steps  discussed  in  Section  8.7.3  have 
been  taken,  complete  the  following  dialog  with  the  Tektronix 
machine.  In  the  following  example  underlined  text  represents  text 
written  on  the  Tektronix  machine  by  the  computer.  Non-underl inod 
text  represents  commands  typed  into  the  Tektronix  machine  by  the 
user.  Text  in  parenthesis  represents  the  author’s  ctxnments.  4 
means  the  user  should  press  the  carriage  return  on  the  Tektronix 
machine.  "A"  is  the  notation  used  to  mean  the  user  should  press  the 
space  bar. 

LOGIN, NAME, CODE, 8614444, SI  P 

(The  user  must  have  one's  (wn  LOGIN  name  and  code) 

COMMAND  SCREEN, 80, 66.  * 

COMMAND  ATTACH , GRAF, GRAFTEK, I D-ELTERMAN, MR- 1 .  4 
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(GRAFTEK  must  be  cataloged  under  user's  ID  as  a  binary  file) 


COMMAND  ATTACH,TAPE22,SAVETAPE22,ID-ELTERMAN,MR-1.  + 
COMMAND  ATTACH, TEK,TEfCLIB.  ^ 

COMMAND  LIBRARY, TEK.  ^ 

COMMAND  GRAF. 

(Wait  for  the  computer  to  print  out  a  question  mark) 


9 

A$PLTDAT  FZERO«500.E6,300.E6,  DIV>*10.E6,20.E6,UNCAL(2)=30$ 


(The  above  input  parameter  list  is  an  example;  the  user  may  choose 
any  values  (consistent  with  the  data).  In  this  particular  example 
two  plot  frames  will  be  produced.  See  Section  8.6  for  details  on 
the  $FLTDAT  namelist.) 

(The  computer  will  now  generate  the  following  message) 


1 

GO/ERASE 

2 

GO/ SAVE 

T" 

EXIT 

ENTER  OPTION 

(The  user  should  respond  with) 

1  + 

(The  above  message  may  be  repeated  several  times,  each  time  the  user 
should  type) 


1  i 

(until  a  picture  similar  to  Figures  8.1  and  8.2  comes  on  the 
screen.  At  this  point  the  user  can  study  the  picture  and  get  a  hard 
copy,  if  one  wishes,  by  pressing  the  "copy"  button.  (Make  sure  the 
hard  copy  machine  is  turned  on  and  warmed  up.  After  leaving,  turn 
the  hard  copy  machine  off.  To  see  the  next  frame  the  user  may  type) 

1  + 

(The  process  is  repeated  until  all  frames  have  been  seen.  After 
this  type) 


3  + 

CCTiMAND  LOGOUT 

(Push  the  screen  reset  button  and  the  process  is  complete.) 
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b^hesss 

8.8  Program  SEEIT 

8.8.1  Introduction 


The  main  input  to  program  MATCH3  is  a  disk  file  called  TAPEIO. 
TAPEIO  is  coded  in  binary  format.  If  the  user  wants  to  examine 
TAPEIO  before  running  MATCH,  one  could  include  the  following  two 
control  cards: 

COPYSBF.TAPEIO .OUTPUT 
REWIND, TAPE 10. 

These  two  control  cards  will  transfer  the  data  from  TAPEIO  onto 
the  printer.  However,  the  data  printed  would  be  in  the  binary 
format.  Program  SEEIT  allows  the  user  to  obtain  a  printout  of  the 
data  on  TAPEIO  in  the  normal  floating  point  format. 

8.8.2  Input  to  Program  SEEIT 


Usually  the  input  to  program  SEEIT  is  a  binary  formatted  tape 
(TAPEIO)  from  program  COMBS  or  program  DECODG.  However,  input  to 
SEEIT  may  be  any  file  with  the  same  format  as  TAPEIO  created  by 
COMBS  or  DECODG.  This  format  being: 

10A10,8I2  (First  Record) 

6020  (All  Following  Records) 

If  program  MATCH3  can  use  a  file  as  input,  then  program  SEEIT 
can  "SEE*  this  file. 

8.8.3  Output  Of  Program  SEEIT 

Program  SEEIT  (after  the  first  heading  record)  reads  two 
records  at  a  time.  Thus,  it  reads  in  twelve  values  at  a  time  (each 
record  format  is  6020).  With  TAPEIO  created  by  COMBS  the  last  five 
of  these  values  are  zero.  Program  MATCH3  does  not  use  these  last 
five  values.  The  printed  output  consists  of  the  first  seven  values 
of  each  two  record  set.  The  format  of  the  printed  output  is: 

(E14. 5, 5X, Ell. 3, IX, Ell. 3, 5X, Ell. 3, IX, Ell. 3, 5X, El 1.3, IX, El 1.3) 

8.8.4  Using  Program  SEEIT 

Using  program  SEEIT  is  very  simple.  Three  extra  control  cards 
(arrows  show  the  extra  cards  that  are  needed)  are  needed  to  run 
SEEIT.  An  example  follows. 
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9.0  GENERAL  INSERTION  LOSS  PROGRAMS 
9.1  Introduction 


GILPM  is  an  acronym  for  general  insertion  loss  plots  (modified  ver¬ 
sion).  The  original  version  has  since  been  phased  out,  but  the  letter  M 
at  the  end  remains. 

Whereas,  program  COMBS  is  designed  to  do  a  mathematical  analysis  of 
two  to  six  combs  acoustically  in  series  having  one  comb  as  an  input  port 
and  one  comb  as  an  output  port,  program  GILPM  is  capable  of  analyzing  the 
insertion  loss  (as  a  function  of  frequency)  of  two  to  eight  pairs  of 
combs.  The  analysis  is  performed  acoustically  in  parallel  and  electri¬ 
cally  in  series,  parallel,  or  any  combination  thereof  having  one  input 
port  and  one  output  port.  The  output  connection  is  assumed  to  be  identi¬ 
cal  to  the  input  connection.  The  user  has  total  generality  in  describing 
the  matching  network  of  the  device. 

Program  GILPM  accepts  input  from  program  COMBS  and  optionally  from 
programs  MATCH  and  RIND.  Besides  printed  output,  program  GILPM  produces 
TAPE24  which  can  be  used  (indirectly)  by  program  GRAF  or  GRAFTER  to  pro¬ 
duce  insertion  loss  plots. 

Program  RIND  provides  additional  versatility  to  program  GILPM  by  pro¬ 
viding  variable  inputs. 

Program  GETMATD  allows  the  input  specifications  to  program  GILPM  to 
be  checked  for  errors  before  actually  trying  to  run  GILPM  which  is  a  large 
and  time-consuming  program. 

9*2  Input  to  Program  GILPM 

9.2.1  Input  Impedance  Tapes 

For  each  comb  on  the  device  there  must  be  a  tape  describing  the  input 
impedances  (as  a  function  of  frequency)  of  the  comb.  The  range  of  fre¬ 
quencies  at  which  the  input  impedances  are  calculated  is  variable, 
however,  it  must  be  consistent  for  all  combs  in  a  particular  device.  The 
input  impedance  tapes  are  created  by  program  COMBS.  Usually  each 
impedance  tape  is  created  with  a  separate  COMBS  run.  Rarely  is  program 
COMBS  executed  more  than  once  during  a  separate  run.  Program  COMBS  and 
program  GILPM  are  also  rarely  run  at  the  same  time.  Thus,  to  analyze  a 
four  comb  device,  for  example,  using  program  GILPM  would  require  five 
separate  runs  (four  COMBS  runs  and  a  GILPM  run).  As  output,  each  run  of 
COMBS  produces  TAPEIO.  Each  version  of  TAPEIO  (created  by  the  different 
COMBS  runs)  must  be  saved  as  a  permanent  file.  For  example,  in  a  four 
comb  device  the  four  catalog  cards  (in  each  separate  run  of  COMBS)  might 
look  as  follows. 

CATALOG , TAPE 10 , TAPE lOONE , ID=ELTERMAN , MR=1 . 

CATALOG, TAPEIO ,TAPE10TWO,ID»ELTERMAN,MR=1 . 

CATALOG , TAPE 10 , TAPE lOTHREE , ID=ELTERMAN , MR= I 

CATALOG , TAPE 10 , TAPE lOFOUR , I D-ELTERMAN , MR= 1 . 
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The  actual  names  of  the  tapes  used  by  program  GILPM,  however,  are 
TAPEll,  TAPE12,  TAPE13 . . .TAPE18 .  Thus,  for  the  above  example,  the 
following  four  cards  would  appear  at  the  beginning  of  the  GILPM  run. 

ATTACH , TAPEll , TAPEIOONE , ID=ELTERMAN ,MR=1 , 

ATTACH  TAPE12 ,TAPE10TWO , ID=ELTERMAN,MR=1 . 

ATTACH, TAPE13 ,TAPE10THREE,ID=ELTERMAN,MR=1 . 

ATTACH, TAPE14 ,TAPE10FOUR, ID=ELTERMAN,MR=1 . 

Program  COMBS,  as  used  here,  analyzes  two  combs  acoustically  in 
series  with  no  matching  network.  TAPEIO  contains  the  input  impedance 
values  of  the  first  comb  at  each  frequency  and  the  output  impedance  values 
of  the  second  comb  at  each  frequency.  Program  GILPM  uses  only  the  input 
impedances . 

9.2.2  TAPE22 


TAPE22  does  not  have  to  exist  in  order  for  program  GILPM  to  run. 

Often  program  MATCH3  is  run  before  program  GILPM.  If  program  MATCH3  has 
been  run  then  TAPE22  will  exist.  Otherwise  TAPE22  will  not  exist.  Pro¬ 
gram  GILPM  produces  TAPE24  as  output.  TAPE24  is  the  same  format  as  TAPE22 
and  can  be  used  by  program  GRAF  or  GRAFTEK  (the  name  must  be  changed  from 
TAPE24  to  TAPE22  before  program  GRAF  or  program  GRAFTEK  can  run  it) .  If 
TAPE22  exists  then  program  GILPM  takes  the  plot  identification  off  TAPE22 
and  copies  it  on  TAPE24.  If  TAPE22  does  not  exist,  then  TAPE24  will  have 
the  following  default  plot  identification. 

ROGER  COLVIN. 


9.2.3  TAPE25 


TAPE25  is  created  by  program  RIND.  TAPE25  contains  values  of  Ql,  Q2, 
Q3,  Q4,  Q5,  C)6,  Q7,  and  Q8  at  each  frequency.  TAPE25  does  not  have  to 
exist  as  long  as  the  input  data  to  program  GILPM  does  not  reference  any  Q 
value.  If  TAPE25  does  not  exist  and  a  Q  value  is  referenced,  then  the 
program  will  abort.  Q  values  are  further  described  in  Section  9.3. 

9.2.4  The  $GIL  Namelist 

9. 2. 4.1  The  $GIL  Namelist  Variables  and  Their  Types 
NUMZINS:  integer 

NUMMATS  integer 
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9. 2. 4. 2 


9. 2. 4. 3 


LO 

real 

RG 

real 

VG 

real 

Cn 

real  array  of  length  8 

Rn 

real  array  of  length  8 

Ln 

real  array  of  length  8. 

PRNT 

logical 

The 

$GIL  Namelist 

Variables  and  their  Defaults 

NUMZINS 

2 

NUMMATS 

3 

LO 

0. 

RG 

50. 

VG 

1. 

Cn 

l.E-12,  l.E-12 . l.E-12 

Rn 

o 

o 

o 

o 

o 

o 

o 

o 

Ln 

o 

o 

o 

o 

o 

o 

o 

d 

PRNT 

.False. 

The 

$GIL  Namelist 

Variables  and  their  Functions 

NUMZINS:  The  number  of  combs  to  be  analyzed.  There  are  NUMZINS 

Capes  created  by  program  COMBS. 

NUMMATS:  The  number  of  matrices  to  be  created  and  have  their 

determenents  calculated.  NUMMATS  almost  always  equals 
NUMZINS  +  1. 


LO: 

RG: 

VG: 

L(n): 


Series  tuning  inductor  (see  Section  9.3). 

Generator  characteristic  impedance  (see  Section  9.3) 

Generator  voltage  (see  Section  9.3). 

Tuning  inductor  associated  with  the  n'th  comb  (see 
Section  9.3). 
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C(n) : 


Parasitic  shunt  capacitance  associated  with  the  n'th 
comb  (see  Section  9.3). 


R(n):  Parasitic  series  resistance  associated  with  the  n'th 

comb  (see  Section  9.3). 

PRUT;  If  PRNT  “  .True.,  the  values  of  each  matrix  at  the 

first  frequency  are  printed  out. 

9.3  Creating  the  Matrices 


At  each  frequency  there  are  NUMMATS  complex  matrices  created  and 
solved.  Each  matrix  mathematically  represents  an  electronic  circuit 
consisting  of  transducers,  capacitors,  resistors  and  inductor.  The  size 
and  general  format  of  "NUMMATS”  matrices  are  defined  once  by  the  user. 

The  specific  entry  values  are  recalculated  at  each  new  frequency.  The 
"NUMMATS"  matrices  may  vary  in  size  from  a  2  x  2  matrix  (four  entries)  to 
a  16  X  16  matrix  (256  entries) .  The  general  description  of  each  entry 
consists  of  from  zero  to  sixteen  descriptors.  An  entry  described  by  zero 
descriptors  represents  a  matrix  value  of  zero.  Each  non-zero  descriptor 
is  described  by  exactly  five  characters.  There  are  two  possible  formats 
for  these  five  character  descriptors.  They  are  as  follows: 


The  following  formats,  however,  are  illegal  even  though  they  are 
syntactically  described  by  the  second  format  above. 


D]  H  H 


and 


D1 


To  form  a  valid  descriptor  using  Che  first  format  (containing  three 
brackets)  take  any  symbol  in  the  first  bracket,  followed  by  any  two  letter 
set  in  the  second  bracket,  followed  by  any  two  letter  set  in  the  third 
bracket . 

To  form  a  valid  descriptor  using  the  second  format  (containing  four 
brackets)  take  any  symbol  in  the  first  bracket,  followed  by  any  two  letter 
set  in  the  second  bracket,  followed  by  any  letter  in  the  third  bracket, 
followed  by  any  number  in  Che  fourth  bracket. 

To  find  out  which  of  these  descriptors  are  not  legal  check  to  see  if 
they  are  syntactically  described  by  the  two  "illegal"  formats.  In  other 
words,  a  descriptor  is  legal  if  it  is  described  by  either  the  first  or 
second  formats  and  not  described  by  either  the  third  or  fourth  formats. 

Thus,  there  are  a  total  of 

(2x3x3)  ♦  (2x3x6x8)  -  (2xlxlx8)  -(2x2x2x8)  »  18  +  288  -  16  -  64 

■  226  legal  descriptors. 

Each  of  Che  following  are  examples  of  legal  descriptors: 

+SNVG 

-SML3 

♦SIQ2 

■fSNRG 

Each  of  the  following  are  examples  of  illegal  descriptors: 

♦SNV3 

-SMC9 

•^SQA3 
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VSMVG 

•»^SIQ4 

-SIA3 

+SMB4 

If  the  program  finds  even  one  illegal  descriptor,  execution  is 
aborted.  (For  this  reason  the  input  should  first  be  checked  by  program 
GETMATD,  which  will  be  described  in  following  sections.) 

9.3.1  Definitions  of  Descriptor  Components 

The  following  components  are  defined  by  the  $GIL  Namelist  and  are 
constants  (i.e.  not  frequency  dependent). 

VG:  Generator  voltage  (usually  normalized  to  1). 

RG:  Generator  characteristic  impedance  (usually  50  ohms). 

LO:  Series  tuning  inductor. 

Cn:  Parasitic  shunt  capacitance  associated  with  the  n'th  comb. 

Rn:  Parasitic  series  resistance  associated  with  the  n'th  comb. 

Ln:  Tuning  inductor  associated  with  the  n'th  comb,  where  n  ■  1 , 

2,  3,  ...  8. 

The  following  components  are  defined  by  the  input  tapes  from  program 
COHBS.  They  are  frequency  dependent. 

An:  The  real  part  of  the  input  impedance  associated  with  the 

n'th  comb. 

Bn:  The  imaginary  part  of  the  input  impedance  associated  with 

the  n'th  comb,  where  n»  1,  2,  3,  ....  8. 

(Engineer's  Note;  ZTn  ■  An  +  iBn) 

The  following  component  is  defined  by  the  input  tape  (TAPE25)  from 
program  RIND.  It  may  or  may  not  be  dependent  on  frequency  depending  on 
the  version  of  RIND  used  (program  RIND  is  described  in  following  sections) . 

Qn:  In  general  Qn  is  an  arbitrary  number  representing  any 

electrical  device  the  user  may  wish  to  add.  The  values  of 
Qn  come  from  TAPE25  which  is  created  by  program  RIND. 
Program  RIND  was  not  designed  to  be  a  fixed  program. 

The  user  swy  alter  program  RIND  to  simulate  any  electrical 
component  he  desires  that  cannot  be  simulated  from  existing 
components. 
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The  following  three  components  determine  whether  the  descriptor 
represents  a  real  or  imaginary  number  and  whether  or  not  the 
descriptors  are  inverted. 


SN: 


SM: 


SI: 


SN  stands  for  "Not  Multiplied  by  S".  The  value  of  SN  is 
always  equal  to  one  (SN=1). 


SM  means  that  the  following  component  of  the  descriptor  is 
multiplied  by  S.  S  is  a  frequency  dependent  imaginary 
nianber.  The  value  of  S  is  i2'nf  (S=‘i2:Tf), 

SI  means  that  the  following  component  of  the  descriptor  is 
inverted  and  then  multiplied  by  1/S. 

Examples : 

Descriptor  Notation  Mathematical  Notation 


+SNR3 

+SMR3 


1 

ii  nfRj 


R3 

i2iTfR3 


-1 


+SIR3 


i 


9.4  A  Real  Life  Example 

The  following  example  was  actually  programmed.  This  example  cannot 
be  understood  unless  the  reader  is  familiar  with  electrical  engineering. 

Figure  9.1  shows  two  transducers  in  parallel,  together  with  matching 
inductors  and  parasitic  elements.  The  output  is  assumed  identical  to  the 
input  and  is  not  shown. 

Figure  9.2  shows  the  same  electrical  device  redrawn  in  a  form  which 
is  more  convenient  for  circuit  analysis. 


The  following  is  the  mathematical  analysis  of  these  circuits. 

V  -R  I,-SL  I  -SL.I  -  f~l  I,  +  1  -R^1,-SL  I  +  01  =  0 

g  g  1  o  1  ^  ^  I  I  ^  1  “^1  2  g  3  o  3  4 


» ♦  ‘r  W2-W2  *  ^  “h  ■  “ 

1 1\  J  A 

^  53^  '3  Isc^  '4  ■  " 

I  \  I  \ 

'3  -  \  -V4  -  ^12*4  ■  “ 


(R  +SL  +S,  ,  + 
I  g  o  LI 


, R  +SL^ 
V  g  O' 


sc^+Ri+Zti 


fR  +SL  1 

oj 


1  +SL  +SL-+  — 
go  Z  bC 


-]  (—] 


SC2  ■^V^T2i 


The  above  equations  have  assumed  ideal  inductors.  However,  it  was 
desired  to  use  the  real  model  for  Inductors  and  L2  •  A  possible  cir¬ 
cuit  model  for  a  real  Inductor  (to  replace  the  ideal  inductor)  is 


Elements 


Figure  9.2  The  Same  Electrical  Device  as  shown  in  Figur 
Redrawn  for  Convenient  Circuit  Analysis 


where  C>  ^[(2.  SRF)^  +(\)^] 


R 


2itfL 


Q  =  finite  Q  of  the  real  Inductor 
and  SKF  =  self  resonant  frequency  of  the  real  inductor. 


The  impedance  (Z^)  of  a  real  inductor  corresponding  to  the  above 
model  is  given  by 

^  1  iw  +  R/L 

Z  -  -r 


iwR/L  +  ^ ! \X  ~ 


iw 


L_  2  JR) 
LC-'"  Hl/ 


\  c 

2/R\^  /  1  2\^ 

2  /I 

1?  +  /I  _  2)2 

''  (j 

J  \LC  ”  ^ 

Z  *•  CJ  +  IwQ.,  where  S=iw  =  i2vf 
i*  i  ^ 


in  the  matrix  equations  below  is  replaced  by  +  SQ^.  and 

are  computed  and  passed  from  RIND  to  GILPM.)*  Q  is  the  real  part  of  the 
Impedance  of  the  real  Inductor  and  Q2  is  the  Imaginary  part  of  the  Impedance 
of  the  real  Inductor.  (Note  that  Q  as  passed  from  RIND  has  not  yet  been 
multiplied  by  S.)  It  then  follows  that  SL2  is  replaced  by  +  SQ^ . 

(Q^  and  are  also  passed  from  RIND) . 

(Note  that  RIND  is  not  a  set  unchangeable  program.  Program  RIND  may 
be  changed  by  the  user  so  that  the  values  of  Q2,  Q^...Og  represent  any 

machematlcal  equations  desired  by  the  user.  In  this  particular  example  pro¬ 
gram  RIND  had  to  be  specifically  programmed  so  that  the  values  +  SQ2 

and  Qj  represented  real  Inductors.  The  values  Qj^,  Q2,  and 

are  frequency  dependent.) 

Also  in  the  matrix  equations  below  is  replaced  by  Aj^ 

Z^2  replaced  by  A2  +182* 

*The8e  ate  different  from  the  finite  Q  values  of  the  real  inductors 
found  in  namelist  $QIND. 
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is  a  complex  number  representing  the  impedance  of  the  n'th 

transducer.  When  is  replaced  by  '*‘^n  ^n  the  real 

part  of  the  Impedance  and  B  represents  the  imaginary  part  of  the  Im- 

n 

pedance  (see  Section  9.3.1). 


(' 


\  «L^+Qi+SQj,+3— 


('^0 

(k  +sl'\ 

o) 


f)  (-■^1 


(  — +Ri+A,+B^ 

l^SCj  1  1  ij 


(' 


V"‘-o'^3«‘'4^C 


Csc,') 


W 


iic^^2-^V®2] 


[A1 


matrix  equation  is 

of  the 

form  [A]  X 

=  B,  where 

^11 

C 

^12 

®13 

^14 

®21 

G 

‘22 

®23 

®24 

®31 

®32 

®33 

^34 

^1 

S 

‘42 

%3 

®44 

D  = 

DET[A] 

— 

^11 

V 

g 

^13 

®14 

®21 

0 

®23 

^24 

«1  “ 

DET 

®31 

V 

g 

®33 

®34 

^1 

0 

®43 

^44 

and 


180 


=  DET 


Then 


®11 

^2 

^13 

V 

g 

®21 

®22 

®23 

0 

^31 

®32 

®33 

V 

g 

J41 

^2 

^3 

0 

1 

II 

ICAP  (1), 

and 

d|2 


ICAP  (2). 


(Note:  N  ,  N^,  and  D  are  complex  numbers;  ICAP  (N)  is  defined 

below. ) 


Transducer  efficiency  = 


Insertion  Loss  (in  dB) 


-10  Log^Q 


(Transducer  efficiency) 


2 


The  actual  routine  that  computes  the  insertion  loss  (subroutine 
ILCALC)  is  not  a  fixed  part  of  program  GILPM,  but  rather  a  changeable 
subroutine  that  is  usually  part  of  the  run  deck  (see  Appendix  A) . 

Input  to  subroutine  ILCALC  is  arrays  ICAP(8)  and  R£ZT(8),  where 


ICAP(N) 


REZT(N) 


The  magnitude  of  the  determinant  of  the  n'th  matrix 
The  magnitude  of  the  determinant  of  the  NUMMAT'th  matrix 


(NUMMATS  is  defined  in  Section  9. 2. 4. 3) 


(A^  is  defined  in  Section  9.3.1) 

181 


ICAP  (N)  and  REZT  (N)  are  automatically  passed  from  GILPM. 

Output  of  program  ILCALC,  returned  to  GILPM,  is  the  variable  "IL" 
containing  the  insertion  loss. 

The  cards  of  subroutine  ILCALC  may  be  changed  by  the  user  to  cor¬ 
respond  with  the  particular  device  one  is  analyzing. 

9.5  The  Run  Deck  of  the  Real  Life  Example 

See  Appendix  A  for  the  data  deck  used  to  program  the  example  de 
scribed  in  this  section. 

Also  shown  in  the  Appendix  is  a  GETMATD  run.  Program  GETMATD 
allows  the  user  to  check  the  syntax  of  one's  program  without  having 
to  run  program  GILP  (a  large  and  time-consuming  program). 


10.0  GENERAL  TEKTRONIX  INTERFACE  PROGRAMS 


10.1  Introduction 

The  advantages  of  using  the  Tektronix  machine  for  plotted  output 
(instead  of  or  in  addition  to  the  Cal-Comp  plotter)  is  that  turn-around 
time  is  greatly  improved.  (For  a  general  discussion  of  the  Tektronix 
machine  see  Section  8.7.1.) 

Suppose  a  user  has  a  fully  working  program  that  produces  a  plot  on 
the  Cal-Comp  plotter.  Everything  works  fine,  except  that  the  user  has 
to  wait  an  average  of  two  days  for  his  plots.  One  finds  the  slow 
turn-around  time  for  his  plots  is  slowing  down  progress  on  all  related 
work,  and  decides  to  use  the  Tektronix  machine. 

Even  in  the  most  simple  case,  interfacing  a  program  to  the 
Tektronix  machine  will  require  several  small  modifications  such  as  the 
addition  of  calls  to  subroutine  SHOWNGO  and  connecting  and  discon¬ 
necting  of  output.  The  user  must  also  make  sure  that  all  input  is 
available  from  the  Tektronix  machine.  This  means  that  all  input,  in¬ 
cluding  card  input,  must  be  saved  on  the  disk  as  a  permanent  file. 

Often,  however,  it  is  just  about  impossible  to  modify  the  program 
to  work  on  the  Tektronix  machine.  The  reason  for  this  is  that  a 
maximvim  memory  of  65000  (octal)  words  are  allotted  to  the  Tektronix 
machine.  After  subtracting  from  this  the  size  of  the  Fortran  library 
and  the  size  of  the  Tektronix  library,  the  user  will  find  that  there  is 
a  very  limited  program  memory.  It  is  difficult  to  modify  a  program 
200000  (octal)  words  long,  for  example,  to  fit  in  a  memory  space  of 
approximately  30000  (octal)  words.  If  it  can  be  done  at  all,  it  will 
take  a  complicated  system  of  overlays  and/or  disk  files  to  do  it. 

The  programs  discussed  in  this  section  are  designed  to  provide  a 
simple  way  for  the  user  of  any  plotting  program,  of  any  size,  to 
receive  plots  on  the  Tektronix  machine.  The  job  may  be  run  on  BATCH 
using  a  deck  only  slightly  different  from  the  original  deck.  The  user 
may  receive  plots  from  both  the  Tektronix  machine  and  the  CAL-Comp 
plotter  by  submitting  a  single  BATCH  job. 

10 . 2  Simplified  Discussion  Of  How  The  Tektronix  Interface  System  Works 

The  principle  behind  the  Tektronix  Interface  System  is  not  to 
modify  the  original  program  to  run  on  the  Tektronix  machine,  but  rather 
to  modify  the  original  program  so  that  it  produces  a  file  which  con¬ 
tains  a  program  that  can  be  run  on  the  Tektronix  machine.  Consider  the 
following  two  programs: 


183 


PROGRAM  LARGE  (input , Output) 

DIMENSION  K( 100000} 

DO  10  J»l,  100000 
K(J)  -  J 
CONTINUE 
A-3. 

B=6. 

CALL  PLOTID3(30H  LARRY  ELTERMAN  TELEPHONE  X4904,  500.,  11.,  1.) 
CALL  PLOT  (A, A, 3) 

CALL  PLOT  (B,A,2) 

CALL  PLOT  (B,B,2) 

CALL  PLOT  (A,B,2) 

CALL  PLOT  (A, A, 2) 

CALL  ENDPLT 
END 

PROGRAM  SMALL  (INPUT, OUTPUT) 

CALL  PLTID3  (30H  LARRY  ELTERMAN  TELEPHONE  X4904,  500.,  11.,  1.) 
CALL  PLOT  (3., 3., 3) 

CALL  PLOT  (6., 3., 2) 

CALL  PLOT  (6., 6., 2) 

CALL  PLOT  (3., 6., 2) 

CALL  PLOT  (3., 3., 2) 

CALL  ENDPLT 
END 


Program  LARGE  is  very  large.  It  is  over  100000  (decim-il)  words 
long.  It  is  much  too  large  to  run  on  the  Tektronix  machine.  Program 
SMALL,  on  the  other  hand,  is  very  small.  It  is  easily  small  enough  to  run 
on  the  TEKTRONIX  machine.  Yet,  as  far  as  plotting  is  concerned,  programs 
SMALL  and  LARGE  produce  the  exact  same  results  (both  draw  a  three  inch 
square) . 

These  two  programs  illustrate  the  basic  principle  behind  the 
Tektronix  Interface  System.  The  plotting  instructions  (only)  are  ex¬ 
tracted  from  the  original  program  during  execution  and  put  on  a  separate 
file  to  be  compiled  and  run  on  the  Tektronix  machine.  These  extracted 
plotting  instructions  usually  take  up  less  core  than  the  original  program 
and  can  usually  be  run  on  the  Tektronix  without  exceeding  memory. 

10.3  Detailed  Discussion  Of  How  The  Tektronix  Interface  System  Works 

There  are  two  pieces  of  software  in  the  Tektronix  Interface  System. 
The  first  is  program  TEK  and  the  second  is  a  system  of  subroutines  refer¬ 
red  to  as  the  TEK  Interface  Library. 

The  purpose  of  program  TEK  is  to  take  an  original  program  designed  to 
produce  plots  on  the  Cal-Comp  plotter  and  change  the  names  of  all  the 
plotting  routines.  It  also  adds  TAPE94,  95,  and  96. 
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Example:  Two  versions  of  program  EXAMPLE  are  shown.  The  first  version  is 
the  original  version.  The  second  version  shows  program  EXAMPLE 
after  it  has  been  processed  by  program  TER. 

Program  EXAMPLE (INPUT, OUTPUT) 

GALL  PLTID3(30H  LARRY  ELTERMAN  TELEPHONE  X4904,  500.,  11.,  1.) 

CALL  PLOT(2.,2.,3) 

CALL  PLOT(2.,4.,2) 

CALL  SYMBOL(10.5,1.13,.14,10. ,90., 41) 

CALL  ENDPLT 
END 

PROGRAM  EXAMPLE( INPUT, OUTPUT, TAPE94,TAPE95,TAPE96) 

CALL  PLT1D9(30H  LARRY  ELTERMAN  TELEPHONE  X4904,  500.,  11.,  1.) 

CALL  PL09(2.,2.,3) 

CALL  PL09(2.,4.,2) 

CALL  SYMB09(10.5,1.13,.14,10.,90.,41) 

CALL  ENDPL9 
END 


The  following  is  the  list  of  plot  routines  that  have  their  name 
changed  and  what  they  are  changed  to: 


1. 

DQPLOT  - 

- a.  DQPL09 

2. 

PLTID3  - - 

- -  PLTID9 

3. 

AXIS  - 

- a-  AX19 

4. 

LINE  - - 

- a.  LIN9 

5. 

PLOT  - 

- -  PL09 

6. 

SYMBOL  - 

- -  SYMB09 

7. 

NUMBER  - 

- -  NUMBE9 

8. 

ENDPLT  - 

- -  ENDPL9 

When  running  the  version  of  the  program  modified  by  program  TER,  both 
the  ONLINEPEN  (or  OPFLINEPEN)  library  and  the  TER  Interface  Library  must 
be  loaded  into  the  system. 

When  a  program  calls  one  of  the  above  routines  (with  a  nine  at  the 
end)  it  is  (from  the  main  program's  point  of  view)  just  as  if  it  called 
the  original  plotting  routine. 

Let's  consider  an  example.  Suppose  program  NUMPLOT  originally  calls 
the  plotting  routine  number.  After  being  processed  by  program  TER  it  will 
call  routine  NUMBE9  instead  of  NUMBER.  When  executing  this  program  the 
TER  Interface  Library  will  be  in  the  system.  What  happens  when  this 
routine  is  called?  Let's  examine  program  NUMBE9  (the  simplest  of  the  TER 
Interface  Library  routines). 
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SUBROUTINE  HUMBE9 


74/74  OPT-1 


FTN  4.6+428 


1  SUBROUTINE  NUMBE9(X,Y,HT,FPN,TH,N) 

DIMENSION  M(30) 

CALL  NUMBER(X,Y,HT,FPN,TH,N) 

ENCODE(40,1,M)X 

5  1  FORMAT(6X,*CALL  NUMBER(*,028,*B,*) 

ENCODE(110,2,M(5))Y,HT,FPN,TH,N 
2  FORMAT(020,*B,*,020,*B,*,020,*B,*,020,*B*,020,*B)*) 

CALL  TEXT47G(150,M) 

RETURN 

10  END 

Note  the  following: 

Line  1:  The  input  parameter  list  is  the  same  for  routine 

NUMBE9  as  it  is  for  routine  NUMBER. 

Line  3:  The  plotting  routine  NUMBER  is  called  with  exactly  the 

same  values  that  the  original  program  would  have 
directly  called  it  with  had  it  not  been  processed  by 
program  TEK.  From  the  point  of  view  of  the  plotter  it 
is  receiving  the  same  instructions  it  would  have  from 
the  original  program.  Note:  The  ONLINEPEN  (or 
OFFLINEPEN)  library  must  also  be  loaded  into  the 
system. 

Lines  4, 5, 6, 7:  The  call  to  NUMBER  is  converted  to  alphanumeric  code 

and  stored  in  the  array  M.  All  variables  are  con¬ 
verted  to  octal  constants  to  assure  no  loss  in 
accuracy. 

Line  8:  The  array  M  is  written  out  to  disk  file  TAPE94  in  a 

format  that  can  be  interpreted  by  the  Fortran  compiler. 

Line  9:  Execution  is  returned  to  the  main  program.  None  of 

the  input  parameter  values  have  been  altered  (the  same 
as  if  only  routine  NUMBER  had  been  called).  Thus, 
from  the  main  program's  point  of  view  (i.e.  input, 
output)  calling  routine  MUMBE9  is  no  different  than 
calling  routine  NUMBER. 

The  other  TEK  Interface  Library  routines  are  similar  to  NUMBE9. 

Every  time  a  plotting  routine  is  executed  the  same  plot  call  is  placed  on 
TAPE94.  After  the  main  program  has  finished  execution  TAPE94  contains  (in 
alphanumeric  source  code)  all  the  calls  to  plot  that  occurred  during 
execution.  The  user  can  then  run  this  created  program  on  the  Tektronix 
terminal . 

The  following  is  a  brief  discussion  of  the  other  routines  in  the  TEK 
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Interface  Library: 

PLTID9:  This  routine  must  be  the  first  routine  called  in  the  main 

program.  Besides  writing  out  the  call  to  PLTID3  on  TAPE94  it 
also  sets  up  text  on  TAPE94  so  that  when  the  program  on  this 
tape  is  executed  the  Tektronix  machine  asks  the  user  what  factor 
one  wants  to  use.  (A  factor  value  of  .5,  for  example,  makes  the 
plotted  picture  half  the  size  it  usually  would  be  with  Factor  = 
1.)  This  is  useful  when  the  size  of  the  plot  is  too  big  to  put 
on  the  screen  with  the  normal  factor  value  of  one.  PLTID9  also 
sets  up  the  dimension  statement  "DIMENSION  X(1003)  ,Y(1003)" 
which  is  necessary  to  routine  L1N9;  sets  up  the  format  statement 
"1  FORMAT(2020)"  which  is  needed  by  routine  LIN9;  and  the  format 
statements  "2  FORMAT(F10. 5)",  and  "3  F0RMAT(1X,  13H  WHAT 
FACTOR?)*)  which  are  used  in  determining  the  value  FACTOR  at  the 
beginning  of  TAFE94 .  Finally,  since  it  is  theoretically  legal 
(though  a  seldom  used  option)  to  call  PLT1D3  more  than  once 
during  execution  of  a  program,  routine  PLTID9  uses  TAPE95  to 
check  if  it  has  been  already  called.  The  two  cases  must  be 
handled  differently.  TAFE95  also  keeps  track  of  SHOWNGO 
coordinates  (variables  A  and  B)  and  the  line  number  to  use  when 
a  continue  statement  is  needed  (variable  KONTINU) . 

AXI9:  Similar  in  implementation  to  routine  NUMBE9.  AXI9  is  somewhat 

more  complex  than  NUMBE9  due  to  the  calling  of  routine  MES457Q 
which  is  used  to  handle  the  variable  length  message  which  may  be 
plotted  alongside  the  axis. 

PL09:  There  are  basically  two  kinds  of  calls  to  routine  PLOT.  The 

first  kind  repositions  the  pen.  It  may  or  may  not  write  a  line 
as  it  repositions  depending  on  what  the  user  specifies.  The 
second  kind  of  call  to  plot  repositions  the  origin.  When  this 
kind  of  command  is  called,  the  new  origin  is  saved  on  TAPE93. 
Otherwise  PL09  is  similar  in  implementation  to  NUMBE9. 

SYMB09:  Very  similar  in  implementation  to  AXI9. 

LIN9:  A  call  to  plotting  routine  LINE  can  make  reference  to  two  arrays 

which  may  contain  a  thousand  (or  even  more)  points  each.  This 
presents  a  problem.  How  do  you  store  these  points  on  the  source 
file,  TAPE94? 

There  are  two  possible  solutions.  The  first  is  to  break  up  the  call 
to  LINE  into  a  series  of  calls  to  PLOT,  one  call  to  PLOT  for  each  point  in 
the  referenced  array.  The  problem  with  this  method  is  that  after  a  few 
calls  to  LINE  the  Binary  Run  File  compiled  from  TAPE94  may  be  too  big  to 
run  on  the  Tektronix  machine. 

With  the  second  method  (the  one  actually  used)  LIN9  takes  up  to  1003 
points  stored  in  each  of  the  referenced  arrays  and  stores  them  on  TAPE96. 
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This  storing  on  tape  takes  place  in  lines  12,  13,  14  and  15  of  routine 
LIN9.  LIN9  then  writes  the  instructions  on  TAPE94  for  obtaining  these 
points  from  TAPE96  and  executing  routine  LINE.  The  instructions  written 
on  TAPE94  are  of  the  following  format: 

DO  10  J  »  1,  150 

READ(96,1)X(J),Y(J) 

10  CONTINUE 

CALL  LINE  (appropriate  parameter  list) 


DQPL09:  This  routine  is  broken  up  into  a  series  of  calls  to  PLTID9, 

SCALE,  AXI9,  and  LIN9. 

ENPL9:  This  must  be  the  last  plotting  routine  called  by  the  main 

program.  First  a  call  to  ENDPLT  is  written  on  TAPE94,  then 
ENDPLT  is  called  ending  execution. 

TEXT47G:  This  routine  takes  the  text  coded  in  array  M  (N  characters 

long)  and  writes  it  onto  TAPE94.  It  breaks  the  text  into 
records  of  length  72  or  less  and  places  the  number  1  in  the 
sixth  column  to  specify  a  continuation  card  when  more  than 
one  record  is  needed  to  code  a  Fortran  statement. 


MES457Q:  This  routine  was  written  to  solve  a  tricky  little  problem. 

Consider  routine  AXI9.  The  message  the  user  wishes  plotted 
out  along  the  axis  is  passed  to  routine  AXI9  through  the 
array  variable  MES.  MES  is  dimensioned  to  ten.  However, 
because  MES  is  not  originally  defined  in  subroutine  AXI9, 
the  dimensioned  length  of  ten  is  only  a  dummy  value.  The 
actual  length  of  the  array  is  determined  by  the  length  of 
the  message  and  this  value  is  not  passed  to  AXI9.  The 
problem  arises  when  trying  to  encode  the  message  into  array 
M.  The  exact  length  of  the  array  must  be  known. 

Routine  MES457Q  transfers  the  information  in  array  MES 
(unknown  length)  to  array  L  (known  length).  It  either 
truncates  the  message  or  adds  blanks,  as  necessary  to  make 
it  exactly  fill  up  array  L. 
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10.4  Using  the  Tektronix  Interface  System 


10.4.1  Converting  Original  Program  To  Modified  Form 

The  first  step  the  user  must  accomplish  is  convert  the  original 
program  to  the  modified  version  discussed  in  Section  10.3.  To  do  this  the 
user  must  have  the  source  code  (that  is,  Fortran  statements)  of  the 
original  program.  This  source  code  may  either  be  in  the  form  of  physical 
cards  or  as  a  file  on  disk.  Let's  consider  the  case  where  the  user  has  a 
program  on  cards.  To  create  the  modified  version,  the  user  might  submit 
the  following  deck: 

JOB  CARD  CM=65000,  TIME=100. 

REQUEST, LG0,*PF. 

ATTACH , TEK , SAVETEK , ID=ELTERMAN , MR=1 . 

TEK. 

FTN,SL,I-TAPE7. 

REWIND, LGO. 

CATALOG, LGO, MODIFIEDVERSION, ID=ELTERMAN,MR=1 . 

789 


SOURCE 

PROGRAM 

DECK 


6789 


The  output  of  program  TEK  is  TAPE7  which  contains  the  source  code  of 
the  modified  program.  In  the  above  example  TAPE7  is  compiled  and  the 
binary  version  of  the  modified  program  is  saved  on  permanent  file. 

In  the  next  example  the  user  has  the  source  file  on  disk  as  a 
permanent  file. 

JOB  CARD  CM-65000,  TIME=100. 

REQUEST, LGO, *PF. 

ATTACH , TEK , SAVETEK , ID-ELTERMAN ,MR*1 , 

ATTACH, SOURCE , SAVESOURCE , ID=ELTERMAN,MR=1 . 

TEK, SOURCE. 

FTN,SL,I=TAPE7. 

REWIND, LGO. 

CATALOG, LGO, MODIFIEDVERSION, ID«ELTERMAN,MR»1 . 

6789 


In  the  last  example  the  source  program  is  on  cards  and  the  source 
code  of  the  modified  program  is  also  put  on  cards. 

JOB  CARD  CM-65000,  TIME-100. 

ATTACH , TFK, SAVETEK . ID-ELTERMAN ,MR-1 . 

TEK. 

COPYBF , TAPE? , PUNCH . 

789 


SOURCE 

PROGRAM 

DECK 


f  675^  I 

In  all  the  above  examples  "SAVETEK"  is  the  binary  version  of  program 

TEK. 


10.4.2  Converting  the  Batch  Run  Deck 
10.4.2.1  Two  Example  Run  Decks 

In  the  following  examples  assume  that  both  the  original  and  modified 
versions  of  a  program  are  stored  as  binary  (already  compiled)  files  on 
disk.  The  TEK  Interface  Library  must  also  be  stored  as  a  binary  file. 

The  first  example  shows  a  possible  deck  setup  used  to  run  the 
original  program  (which  produces  an  on  line  plot  only). 

JOB  CARD  CM-120000,  T-30. 

ATTACH, ORIG.ORIGINALVERS ION, ID=ELTERMAN,MR=1 . 

ATTACH , PEN , ONL INEPEN 
LIBRARY, PEN 
REQUEST, PLOT, *Q. 

DISPOSE, PLOT, *OL. 

ORIG. 

789 


INPUT 

DATA 


cmD 

The  next  example  shows  how  the  run  deck  is  modified  so  that  the  user 
can  receive  his  plots  on  the  Tektronix  machine  as  well  as  from  the 
Cal -Comp  plotter 

JOB  CARD  CM- 140000,  TIME-50. 

ATTACH, MOD, MODIFIEDVERS ION, ID-ELTERMAN, MR-1 . 

ATTACH , TEKLIB , TEKINTERFACELIB , ID-ELTERMAN ,MR=1 . 

REQUEST , TAPE94 , *PF . 


190 


REQUEST, LGO,*PF. 

ATTACH , PEN , ONLINEPEN . 

LIBRARY, PEN. 

REQUEST, PLOT, *Q. 

DISPOSE, PLOT, *OL. 

LOAD(MOD) 

LOAD(TEKLIB) 

LDSET(Pre8et=Zero) 

EXECUTE . 

FTN,I=TAPE94. 

CATALOG , LGO , TAPE94BI NARY , ID=ELTERMAN , MR= 1 . 
CATALOG ,TAPE9 6 , SAVETAPE96 , ID=ELTERMAN,MR=1 . 
EXIT(U) 

789 


INPUT 

DATA 


6789 


The  above  deck  setup  will  do  everything  the  first  deck  setup  will  do, 
and  in  addition  it  will  save  the  files  TAPE94BINARY  and  SAVETAPE96 ,  which 
can  be  used  to  produce  a  plot  at  the  Tektronix  machine.  (The  above  deck 
setup  will  produce  a  Cal-Comp  Plot  identical  to  the  one  produced  by  the 
first  run  deck.) 

10.4.2.2  Differences  Between  The  Two  Example  Run  Decks 

A)  The  second  deck  uses  more  core  memory.  The  reason  for  this  is  that 
it  must  accommodate  the  additions  of  TAPE94,  TAPE95,  and  TAPE96  to 
program  MOD  as  well  as  the  loading  of  the  Tek  Interface  Library.  The 
exact  amount  of  core  that  must  be  added  has  not  yet  been  determined 
(an  easy  fact  to  figure  out).  However,  20000  (octal)  extra  words 
should  cover  all  the  overhead. 

B)  The  second  deck  requires  more  time  to  run  than  the  first  deck.  This 

is  because  routine  PL09,  for  example,  takes  more  time  to  run  than 

routine  PLOT.  The  amount  of  extra  time  required  depends  on  the 

amount  of  times  plotting  routines  are  called. 

C)  The  modified  version  of  the  program  is  attached  rather  than  the 
original  version. 

D)  The  TEK  Interface  Library  is  attached. 

E)  TAPE94  and  LGO  are  requested  as  permanent  files. 

F)  To  run  the  program  takes  the  four  card  sequence: 

LOAD(MOD) 

LOAD(TEKLIB) 

LDSET( Prese  t*Zero) 

EXECUTE. 


G)  After  execution  TAPE9A  is  compiled  and  saved  as  a  permanent  file. 

H)  TAPE96  is  saved  as  a  permanent  file. 

I)  The  card  '*EXIT(U)"  follows  the  catalog  TAPE96  card.  If  there  is  no 
call  to  routine  LIN9  during  execution  of  the  modified  program  then 
TAPE96  will  never  be  created.  Trying  to  catalog  a  non-existent  file 
causes  an  error  condition.  The  EXIT(U)  card  keeps  the  run  from 
terminating  on  the  error  condition. 

.4.3  Using  The  Tektronix  Machine  To  Produce  A  Plot 

Once  the  user  has  taken  all  preliminary  steps  as  described  in 
Sections  10.4.1  and  10.4.2,  one  is  ready  to  receive  the  plots  from  the 
Tektronix  machine.  The  user  should  then  complete  the  following  dialog 
with  the  Tektronix  machine.  In  the  following  example  underlined  text 
represents  text  written  on  the  Tektronix  machine  by  the  computer. 
Non-under lined  text  represents  commands  typed  into  the  Tektronix  machine 
by  the  user.  Text  in  parenthesis  represents  the  author's  comments,  i 
means  the  user  should  press  the  carriage  return  on  the  Tektronix  keyboard. 


LOGIN . NAME , CODE ,86 14444 , SUP 

(The  user  must  have  one's  own  LOGIN  name  and  code) 


COMMAND 

SCREEN, 80, 66.  ^ 

COMMAND 

ATTACH, TEK,TEKLIB.  + 

COMMAND 

LIBRARY, TEK.  4^ 

COMMAND 

ATTACH , LGO, TAPE94BINARy , ID=ELTERMAN,MR=1 .  + 

COMMAND 

ATTACH, TAPE96 ,SAVETAPE96 ,ID“ELTERMAN,MR=1 . 

(SAVETAPE96  may  not  be  cataloged  (see  Section  10.4.2).  If  this  is  the 
case  then  the  above  command  may  be  omitted.  If  you  give  the  above  command 
and  get  an  error  message  do  not  worry  about  this,  go  on  to  the  next  step.) 

COMMAND  LGO.  4^ 

(Wait  for  the  computer  to  printout  the  following  message.) 

WHAT  FACTOR? 

.75  + 

(The  user  may  type  in  any  appropriate  factor,  see  Section  10.3  under  the 
discussion  of  routine  PLTID9.) 


«N«LV5IS  AND  COMPUTER  SYSTEMS  INC  BURLINGTON  MA  F/S  tT/1 

DEVELOPMENT  OF  NUMERICAL  TECHNIOUES  AMO  COMPUTER  SYSTEMS  FOR  DE--ETC(U) 
AU6  79  L  J  ELTERMAN  F196Re-T6-C-0R5T 


(The  computer  will  now  type  out  the  following  message) 

1  GO/ERASE 

2  GO/SAVE 

3~  sm — 

ENTER  OPTION 


(A  plot  frame  from  the  user's  program  may  or  may  not  appear  with  the  above 
message.  Every  time  the  user  wishes  to  see  the  next  frame  one  should  type) 

1+ 

(until  he  has  seen  all  the  frames  one  wishes  to  see,  or  until  there  are  no 
more  frames.  At  any  time  the  user  may  obtain  a  hard  copy  of  whatever  is 
on  the  screen  by  pushing  the  copy  button.  If  the  user  wishes  to  end 
execution  one  should  type) 

3  + 

COMMAND  LOGOUT 

(Push  the  screen  reset  button  and  the  job  is  terminated.) 
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10.5  Restrictions  For  Using  The  TEK  Interface  System 


10.5.1  Restrictions  On  The  User's  Original  Program 

A)  None  of  the  program  namelists,  variables,  commons,  subroutines  or 
functions  may  be  named  any  of  the  following: 


1. 

DQPL09 

2. 

PLTID9 

3. 

AXI9 

4. 

LIN9 

5. 

PL09 

6. 

SYMB09 

7. 

NUMBE9 

8. 

ENDPL9 

9. 

TEXT47G 

10. 

MES457Q 

If  the  program  does  use  any  of  the  above  names,  they  must  be 
changed  before  the  program  can  be  modified.  The  above  names  have 
been  chosen  to  reduce  the  likelihood  of  this  happening. 

B)  No  call  to  routine  LINE  may  reference  more  than  1003  points  (i.e.  not 
more  than  1003  points  can  be  used  to  draw  the  line). 

C)  No  single  Fortran  statement  can  be  longer  than  eight  lines  long 
(seven  continue  cards). 

D)  The  program  cannot  use  TAPE94,  TAPE95  or  TAPE96  as  input  or  output 
files . 

E)  PLTID3  or  DQPLOT  must  be  the  first  plotting  routine  called. 

F)  None  of  the  plotted  messages  in  the  routines  AXIS,  SYMBOL,  or  DQPLOT 
may  be  more  than  100  characters  long. 

G)  ENDPLT  must  be  the  last  plotting  routine  called. 

H)  The  first  card  of  the  program  must  be  a  program  card. 

Example:  Program  MACKdnput,  Output) 

The  first  card  must  not  be  a  comment  card  nor  anything  else. 

10.5.2  Other  Restrictions 


The  program  compiled  from  TAPE94,  the  Tektronix  Library  and  the  TEK 
Interface  Library  together  must  be  less  than  65000  (octal)  words.  In  all 
but  the  most  complex  plots  this  will  be  the  case. 


ll.O  SUPPLEMENTAL  SYSTEM  PROGRAMS 

11 . 1  Program  RATIO 

11.1.1  Introduction 


Program  RATIO  is  a  program  to  find  the  ratio  of  metal  to  the  total 
length  of  a  two  comb  transducer.  The  ratio  is  calculated  along  a  hori¬ 
zontal  cross  section  of  the  transducer  (see  Figure  11.1).  Program  RATIO 
receives  its  input  directly  from  program  CONVERT. 

11.1.2  Input  To  Program  Ratio 

Input  to  program  RATIO  consists  of  TAPE9,  TAPE28,  TAPE29,  the  RATIO 
title  card  and  the  $RATIO  namelist. 

TAPE9,  TAPE28  and  TAPE29  are  created  by  program  CONVERT.  If  CONVERT 
has  been  run  properly  prior  to  the  running  of  RATIO,  then  the  above  tapes 
(actually  disk  files)  will  be  available  to  program  RATIO. 

The  value  NCOMBS  (received  from  the  $CONVERT  namelist  via  TAPE28) 
must  be  equal  to  two  or  the  program  will  abort. 

The  RATIO  title  card  goes  before  the  $RATIO  namelist  card. 

The  $RATIO  namelist  contains  the  single  variable  ZZO  (default  = 
9.E-3)  which  specifies  the  horizontal  distance  between  the  center  of  the 
zero' th  gap  of  the  first  comb  to  the  center  of  the  zero’ th  gap  of  the 
second  comb. 

11.1.3  Information  Provided  By  Program  RATIO 

Program  RATIO  provides  the  following  information  to  the  user. 

A)  The  number  of  fingers  in  the  first  comb. 

B)  Amount  of  space  in  the  first  comb. 

C)  Amount  of  metal  in  the  first  comb. 

D)  Length  of  the  first  comb. 

E)  Amount  of  space  in  the  second  comb. 

F)  Amount  of  metal  in  the  second  comb. 

G)  Length  of  the  second  comb. 

H)  Total  space  in  both  combs. 

I)  Total  metal  in  both  combs. 

J)  Total  length  of  both  combs. 

K)  Distance  between  the  two  combs. 

L)  Ratio  in  first  comb  metal/length. 

M)  Ratio  in  second  comb  metal/length. 

N)  Ratio  (total  metal)/(total  length  of  both  transducers). 

O)  The  number  of  fingers  in  the  second  comb. 

P)  Distance  from  the  outer  edge  of  the  first  comb  to  the  O'th  gap  of  the 
first  comb. 

Q)  Distance  from  the  outer  edge  of  the  first  comb  to  the  O'th  gap  of  the 
second  comb. 
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Figure  11.1  Ratio  Example 

In  the  above  example  the  ratio  of  metal  to  total  length  along 
a  horizontal  cross  section  is  8/19  »  .42105. 
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11.1.4  Running  Program  RATIO 

(See  example  in  Appendix) 


11. *  Program  MERGEG 

Program  MERGEG  was  slightly  modified  by  ACSI.  The  logical  variable 
FLIP  was  added  Co  Che  $MERGE  namelist.  If  FLIP  ■  .False.,  the  program 
behaves  as  always.  (FLIP  •  .False,  is  default).  If  FLIP  *  .True.,  then 
the  input  data  forming  Che  complex  admittance  matrices  is  flipped. 

Example:  Let  the  following  be  one  set  of  input  to  program  MERGEG. 

FREQ.  Complexl  CompIex2  Complex3 

If  FLIP  “  .False,  the  matrix  will  be  formed  as  follows: 

Complexl  Complex2 

Complex2  Complex3 

If  FLIP  *  .True,  the  matrix  willl  be  formed  as  follows: 

Complex3  Complex2 

Complex2  Complexl 


11.3  Program  LETTER 
11.3.1  Introduction 


Program  LETTER  uses  information  from  program  HUGHES  to  produce  a  form 
letter.  The  letter  gives  such  information  as  Che  number  of  tapes  Co  be 
sent  to  the  Hughes  Company,  the  names  of  the  Capes  and  the  contract  they 
are  sent  under. 

11.3.2  Running  Program  LETTER 

(See  Appendix  for  sample  run) . 
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11.3.3  Example  Letter 


The  following  is  an  example  of  a  letter  produced  by  program  LETTER 


Department  of  the  Air  Force 
HQ.  Rome  Air  Development  Center  (AFSC) 
Deputy  for  Electronic  Technology 
Hanscom  AFB,  Massachusetts  01731 


Reply  to 
Attn  Of  :  EEA 

Subject  :  Shipment  of  GFP  Tapes 

To  :  PPUA  (0.  PAPE/STOP  25) 

1.  Tapes  Generated:  32ILL2  With  3  Transducers  on  This  Tape. 


2.  The  above  mentioned  tape  is  to  be  shipped  on  or 
about  this  date  to  Hughes  Aircraft  Company  under 
Contract  CC-XX384.  Each  tape  produces  1  master. 


Andrew  J.  Slobodnik,  Jr.  Cy  to:  SU0(A.  Callahan) 

Antenna  and  RF  Components  Branch 
Electromagnetic  Sciences  Division 
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11.4  Program  UNDO 

11.4.1  Introduction 


The  purpose  of  program  UNDO  is  to  be  able  to  take  an  Ho[ n]  deck  (see 
Section  3.4)  that  has  been  diffraction  corrected  and  to  "undo"  the 
diffraction  correction.  Program  UNDO  can  accept,  as  input,  any  set  of 
cards  that  program  CONVERT  can  accept  (see  Section  3.2).  However,  within 
that  set  of  cards  program  UNDO  only  removes  diffraction  correction  on  Ho 
[N]  or  Ho[NTAP]  decks.  (An  Ho[N]  deck  that  has  been  diffraction  corrected 
is  sometimes  called  an  HoD[N]  deck.  Diffraction  corrected  decks  are 
created  by  program  SAL.) 

11.4.2  Input  to  Program  UNDO 

Input  to  program  UNDO  consists  of  the  $UNDO  namelist  followed  by  any 
set  of  cards  that  is  valid  input  to  program  CONVERT. 

11.4.3  Output  of  Program  UNDO 

Output  consists  of  a  printed  description  of  the  diffraction  corrected 
deck  after  it  has  been  undone,  and  TAPE40. 

TAPE40  is  a  disk  file  that  contains  the  undone  deck  setup  in  a  format 
that  can  be  used  by  program  CONVERT.  Essentially,  TAPE40  contains  card 
images  of  Ho[N]  and  ACT[M]  decks.  Input  to  CONVERT  usually  consists  of 
physical  cards.  To  make  CONVERT  read  TAPE40  instead  of  physical  cards, 
the  user  must  execute  CONVERT  with  the  command: 

CONVERT,  TAPE40. 

instead  of  the  usual  command 

CONVERT. 

See  example  run  in  Appendix 

11.4.4  The  $UNDO  Namelist 


11.4.4.1  The  $UNDO  Namelist  Variables  And  Their  Types 


DZZ 

real  array  of  length 

five 

FZERO 

real  variable 

ANGLE 

real  variable 

GAMMA 

real  variable 

ZZO 

real  variable 

BETTAO 

real  variable 

BASIS 

logical  variable 

of 

length  five 

PERIODIC 

logical  variable 

of 

length  five 

NCOMBS 

integer  variable 

-199- 


11.4.4.2  The  $UNDO  Namelist  Variables  And  Their  Defaults 


DZZ 

.5, .5, .5. 

FZERO 

336. E6 

ANGLE 

0. 

GAMMA 

.378 

ZZO 

800. 

BETTAO 

50. 

HASIS 

F,F,F,F,F 

PERIODIC 

F,F,F,F,F 

NCOMBS 

2 

11.4.4.3  The  $UNDO  Namelist  Variables  And  Their  Functions 


DZZ: 

FZERO; 

ANGLE: 

GAMMA: 

ZZO: 

BETTAO; 

NCOMBS 

HAS IS: 

PERIODC : 


Diffraction  Correction 

Diffraction  Correction 

Diffraction  Correction 

Diffraction  Correction 

Diffraction  Correction 

Diffraction  Correction 

The  number  of  combs  in 
There  may  be  up  to  fiv( 


Variable 

Variable 

Variable 

Variable 

Variable 

Variable 

the  input  card  setup. 

:  combs  in  an  input  deck. 


If  HASIS(I)  =  .True.,  then  there  is  no  attempt  to 
undo  the  diffraction  correction  of  the  Ho[N]  (or 
Ho[NTAP])  deck  describing  the  I'th  comb. 


If  PERIODC(I)  =  .True. ,  then  the  ACT[M]  or 
TCA[NTAP]  deck  describing  the  I'th  comb  would  be 
deleted  (see  Sections  3.4.4  and  3.5.5  for  a 
description  of  the  defaults  used  when  an  ACT[M] 
or  TCA[NTAP]  deck  is  left  out). 


11.4.5  Example  Deck  Setup  With  Varying  Namelist  Parameter  Examples 
Consider  the  following  input  card  setup: 

ISUNDO  NC0MBS»4 . $  ~~| 

(This  is  the  CONVERT  Title  Card 
$CONVERT  NCOMBS-4,  CODE-F,F,F,T - $ 


First  Comb 


A) 


Ho[Nl  Deck  |<$f- 
789 

j  ACT[M]  Deck  I 
789 


789 


TCA(  NTAPl 


789 


Second  Comb 


Third  Comb 


Fourth  Comb 


First  Comb 

If  HASIS(l)  **  .False.,  then  the  first  Ho[N]  deck  has  diffraction 
correction  undone. 

If  HASIS(l)  =  .True.,  then  the  first  deck  is  not  changed. 

The  deck  is  used  as  is. 

If  PERIODCCl)  *  .True.,  then  the  first  ACT[M]  deck  is  not  used. 

A  single  789  card  on  tape  will  replace  the  ACT[m1  deck  and  the  789 
card.  That  is,  the  deck  setup  for  comb  1  will  be  changed  to 

HoLnI  Deck 


789 

789 
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B)  Second  Comb 


If  HASIS(2)  >  .False.,  then  the  second  Ho[n1  deck  has 
diffraction  correction  undone. 

If  HASIS(2)  *  .True.,  then  the  second  Ho[N]  deck  is  not 
changed.  The  deck  is  used  as  is. 

It  does  not  matter  whether  PERI0DC(2)  *  .True,  or  if  PERI0DC(2) 
■  .False,  since  the  second  ACT[M]  deck  has  already  been  deleted. 

C)  Third  Comb 

It  does  not  matter  if  HASIS(3)  =  .True,  or  if  HASISO)  =  .False, 
since  the  third  Ho[N]  deck  does  not  exist.  (A  single  789  card 
represents  the  Ho[N]  deck.) 

If  PERIODCO)  =  .False.,  then  the  third  ACT[M]  deck  is  used. 

PERIODCO)  must  equal  .False,  since  it  takes  at  least  one  Ho[N} 
or  ACT[M]  deck  to  define  a  comb  in  RADC  standard  format. 

D)  Fourth  Comb 

If  HASIS(4)  =  .FALSE.,  then  the  HoInTAP]  deck  has  diffraction 
correction  removed. 

If  PERI0DC(4)  *  .False.,  then  the  fourth  TCA[ NTAP]  deck  is  used. 

If  PERI0DC(4)  =  .True.,  then  the  fourth  TCAl NTAP] deck  is  not 
used.  The  fourth  deck  set  will  be  changed  to: 

HolNTAP] 

789 

789 
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11.5  Program  SAWPLOTS 

11.5.1  Introduction 


Program  SAWPLOTS  provides  the  capability  of  calculating  the  response 
of  an  ideal  two  comb  saw  device  but  does  include  diffraction  effects.  The 
diffraction  may  or  may  not  be  dependent  on  frequency  (a  user  option) . 

The  program  uses  two  namelists  and  two  RADC  (either  standard  or 
coded)  deck  sets  to  provide  the  necessary  information  (electrode  overlaps 
and  positions)  needed  to  calculate  the  response. 

The  program  interfaces  with  either  program  GRAF  or  program  GRAFTER  to 
plot  the  data  as  an  insertion  loss  vs.  frequ'>'^  cy  graph.  Program  GRAF  (or 
GRAFTER)  can  display  the  data  as  either  rel  ive  or  absolute  insertion 
IC'SS  (see  Sections  8.6  and  8.7).  (See  Appendix  for  example  run.) 

11.5.2  Input  to  Program  SAWPLOTS 

Input  to  program  SAWPLOTS  consists  of  the  $INPUT  title  card,  the 
$INPUT  namelist,  the  specifications  of  two  combs  (using  RADC  standard  or 
RADC  coded  format),  the  $FR£Q  title  card,  and  the  $FREQ  namelist.  The 
first  30  characters  of  the  $INPUT  title  card  will  go  on  TAPE22  and  be  used 
by  program  GRAF  to  identify  the  plot.  Thus,  these  30  characters  should 
contain  the  user's  name  and  telephone  extension. 

11.5.2.1  The  $ INPUT  Namelist 

11.5.2.1.1  The  $INPUT  Namelist  Variables  And  Their  Type 


FZERO; 

Real 

EPSTPR 

Real 

DVOVAV: 

Real 

VS: 

Real 

GGG: 

Integer 

ANGLE: 

Real 

GAMMA: 

Real 

ZMETERS : 

Real 

OVALAP 

Real 

CODE; 

Logical  array  of  length  two 

KOPT: 

Integer 

CFF: 

Real 

EPSO: 

Real 

11.5.2.1.2  The  $INPUT  Namelist  Variables  And  Their  Defaults 


FZERO: 

EPSTPR: 

DVOVAV: 

VS: 

GGG: 


336. E6 
4.55 
.00058 
3158. 

0 
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ANGLE : 

0. 

GAMMA: 

.  j78 

ZMETERS: 

5.4E-3 

OVALAP: 

500 . E-6 

CODE: 

F,F 

KOPT: 

100 

CFF: 

5.033885E-11 

EPSO: 

8.85E-12 

11.5.2.1.3  The  $INPUT  Namelist  Variables  And  Their  Functions 


FZERO: 
EPSTPR; 
DVOVAV : 
VS: 

GGG: 


ANGLE : 
GAMMA: 
OVALAP: 
IN: 

OUT: 

CODE: 


KOPT: 


(See  Section  11.5.4) 

(See  Section  11.5.4) 

(See  Section  11.5.4) 

(See  Section  11.5.4) 

This  variable  tells  the  program  which  G  function 
to  use  (see  Section  11.5.4).  If  GGG=0 ,  then  the 
program  uses  Function  G  in  its  calculation.  If 
GGG=3 ,  for  example,  then  function  G3  is  used.  As 
of  this  writing  only  function  G  has  been  incor¬ 
porated.  Thus,  GGG  must  equal  zero. 

(See  Section  11.5.4) 

(See  Section  11.5.4) 

(See  Section  11.5.4) 

(See  Section  11.5.4) 

(See  Section  11.5.4) 

If  COCEd)  “  .False.,  then  the  I'th  comb  is 
specified  in  RADC  standard  format.  If  Code(I)  = 
.True.,  then  the  I'th  comb  is  specified  in  RADC 
coded  format  (l  =  1  or  2). 

If  KOPT  =  100  (default)  then  the  diffraction  will 
be  frequency  dependent.  If  KOPT  =  0,  then  the 
diffraction  will  not  be  frequency  dependent  (see 
Section  11.5.4) 


CFF:  Used  by  the  G  function. 

EPSO:  Not  currently  used.  Will  probably  be  used  in 

future  G  functions  (i.e.  Gl,  G2 ,  G3...etc.). 

11.5.2.2  Specifying  The  Two  Combs 

There  are  always  two  combs  involved  in  a  SAWPLOTS  analysis.  Each 
comb  can  be  described  using  one  of  three  possible  format  combinations. 
Thus,  there  are  a  total  of  nine  possible  format  combinations  for 
describing  the  two  combs.  The  three  possible  format  combinations  for  each 
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comb  are  as  follows: 


1.  Ho[N]  Deck 

789 

ACT[M]  Deck 
789 

2.  Ho[N]  Deck 

789 

789 

3 .  Ho[ NTAP]  Deck 

789 

TCAInTAP]  Deck 
789 

Mathematically,  card  setup  1  and  card  setup  2  will  produce  the  same 
results  no  matter  what  ACT[M]  deck  is  used  in  the  first  card  setup  (i.e. 
the  ACT[M]  deck  is  ignored).  When  the  coded  format  is  used  (card  setup  3) 
both  the  Ho[NTAP]and  TCAI NTAP J decks  must  be  present. 

11,5.2.3  The  $FREQ  Namelist 


11.5.2.3.1  The  $FREQ  Namelist  Variables  And  Their  Type 


FINIT: 

Real 

FINC: 

Real 

IFREQ: 

Integer 

11.5.2.3.2 

The 

$FREQ  Namelist 

Variables  And 

Their 

Defaults 

FINIT: 

321. E6 

FINC: 

20000 

IFREQ: 

1025 

11.5.2.3.3 

The 

$FREQ  Namelist 

Variables  And 

Their 

Functions 

IFREQ:  IFREQ  gives  the  number  of  frequencies  at  which  the 

insertion  loss  will  be  calculated. 

FINIT:  FINIT  gives  the  starting  frequency  for  which  insertion 

losses  will  be  calculated. 

FINC:  FINC  gives  the  increment  between  the  frequencies  of 

consecutive  insertion  loss  calculations. 

Example:  IFREQ  *  101 

FINIT  -  200. E6 

F'.NC  -  1.E6 
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11.5.3  Output  From  Program  SAWPLOTS 


11.5.3.1  Printed  Output 

At  each  frequency  the  following  values  will  be  printed  out. 

Frequency 

Yi2[fl 

Y22[f] 

[F.l] 

[F,2] 

[F,l]  +  [F,2]=  Insertion  Loss 

The  mathematical  significance  of  these  variables  will  be  discussed  in 
Section  11.5.4 

11.5.3.2  TAPE22 

Program  SAWPLOTS  produces  TAPE22  as  output.  TAPE22  is  usually  a  disk 
file  that  contains  insertion  loss  vs.  frequency  data.  TAPE22  can  be  used 
by  either  GRAF  or  GRAFTER  to  produce  an  insertion  loss  vs.  frequency  graph. 

11.5.4  Mathematical  Specifications 

11.5.4.1  Computing  Y^(f) 

First  program  SAWPLOTS  computes  Yj(f)  for  1*1,2  and  all  f 
from  FINIT  to  [FINIT  +  (IFREQ-1)*FINC] 

that  is: 

There  are  a  total  of  "IFREQ”  f’s  starting  at  frequency  "FINIT"  being 
incremented  by  frequency  "FINC". 

11.5.4.1.1  Case  1  -  The  I'th  Comb  is  defined  by  an  Ho[N]  Deck 
(Code(I)  »  .False.) 


For  each  f 


Y^(f) 


I 

2ir 


NMAX 

i: 


N—NMIN 


Ho[f,N] 

FZERO 


iNit  U[f,N] 
e  e 


-i2TTfT[N] 

e 


/ 

•GGG  “ 

F 

FZERO 

G 

EPSTPR 

DVOVAV 

CFF 

\ 

.EPSO  _ 
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The  above  equation  is  referred  to  as  the  "Basic  Equation"  for  the 
CODEC  I)  *  .False,  case. 

The  variables  in  the  above  equation  are  defined  as  follows: 

NMIN:  The  absolute  value  of  the  minimum  N  value  of  the  HoIN]  deck 

defining  the  I'th  comb. 

NMAX:  The  maximum  N  value  of  the  Ho[N}  deck  defining  the  I'th 

comb. 

N:  Goes  from  -NMIN  to  NMAX 

FZERO:  From  the  $INPUT  Namelist 

DVOVAV:  From  the  $INPl]T  Namelist 

F:  Frequency  as  defined  in  Section  11.5.4.1 

GGG:  From  the  $INPUT  Namelist. 

EPSTPR:  From  the  $INPUT  Namelist. 

CFF:  From  the  $INPUT  Namelist. 

EPSO:  From  the  $ INPUT  Namelist. 

G:  A  function  of  f,  FZERO,  EPSTPR,  DVOVAV,  CFF,  and  EPSO. 

There  can  be  more  than  one  G  function.  Which  G  function  is 

used  depends  on  the  value  of  GGG. 

If  GGG  =  0  then  subroutine  G  will  be  called. 

If  GGG  =  I  then  subroutine  G1  will  be  called. 

If  GGG  =  2  then  subroutine  G2  will  be  called,  etc. 

As  of  this  writing,  only  subroutine  G  has  been  implemented  (i.e.  GGG 
must  equal  ZERO).  Subroutines  G,  Gl,  G2,  etc.,  return  an  imaginary  number 
of  the  form  C  +  Di. 

For  the  current  implementation  of  function  G 

c  «  SIN  I  2  'fzeroI  (1-6*DV0VAV*it^*FZER0^*0VALAP*CF)'^ 

D  =  0.0.' 

■  KSiROT 

The  two  remaining  quantities  to  be  defined  are: 

CiF.N]  and  Hotf.N] 
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If  KOPT  »  0  (KOPT  from  the  $INPUT  namelist),  then  the  above 
quantities  will  be  calculated  as  follows: 

e[f,N]  »  0 

Ho[f,N]  »  Ho[N] 

That  is,  Ho[f,N]  equals  the  overlap  value  on  the  N'th  Ho[N]  card 
of  the  Ho[N]  deck  describing  the  I'th  comb. 

If  KOPT  =  100  (default)  then  the  above  quantities  are  calculated 
in  the  following  way: 

First,  for  each  N,  the  following  variables  are  computed: 


ANGLE 

A 

constant 

from 

the 

$INPUT 

namelist 

GAMMA 

A 

constant 

from 

the 

$INPUT 

namelist 

Z0[N.f] 

^  ZMETERS  , 

f 

N 

VS 

L. 

2FZER0 

ZMETERS  is  from  $INPUT 
FZERO  is  from  $INPIJT 
VS  is  from  $INPUT 


BETAO(f.H]  -E  OVALy 

OVALAP  is  from  $INPUT 
VS  is  from  $INPUT 

Ho[N]  represents  the  OVALAP  value  of  the  N'th 
Ho[N]card  of  the  Ho[N]  deck  describing 
the  I'th  comb. 

BETA[f,N]  »  BETA0[f,Nj 

How,  call  subroutine  DIFF  using  the  above  5  underlined  variables  as 
input . 

Output  from  subroutine  DIFF  will  be  the  following: 

DL  Ignored 

APSLO  This  is  C[f,N] 

ALO  This  is  Ho’[f,N] 

For  a  given  f  let  Q  ■  the  largest  of  all  Ho'  [f,N],  N  going  from  -NMIN 
to  NMAX. 
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Chen 


Ho[f,N] 


Ho'If  .N  1 

Q 


for  all  N  from  -NMIN  to  NMAX. 

All  Che  variables  of  Che  basic  equation  have  now  been  defined. 
Calculation  of  Che  equation  will  be  basd  on  the  facts  that 

iNTT  iC  f,N  i2TrfT[N] 

C  C  0 

“  iC(f,N]+  i27rfT[N]) 

-  gi(NTi  +Clf,N]  +  27rfT[N]) 

In  general  giQ  ®  cos0  +  iSIN6 
Thus  the  above  becomes 

cos(N^  +  C[f,N]  +  27rfT[N]  )  +  isin  (Nir  +  C(f,N)  +  2nfT[N]) 
Thus  the  basic  equation  yields  a  complex  number. 

Let  A(f]  =  The  real  part  of  Yj[f] 

Let  B[f]  =  The  imaginary  part  of  Yj[ f] 

Thus  Atf]  +  Blfli  represents  the  complex  number  YjC^)* 


Let  Q  =  sj  A[ FZERO] ^  +  B[  FZERO]^ 

(Note:  A[f]  and  B[  f]  are  calculated  at  specific  increments  of  f .  It 
is  possible  that  the  values  A[  FZERO]  and  B[  FZERO]  were  not  calculated 
at  the  exact  frequency  FZERO.  In  this  case  the  values  of  A  FZERO 
and  B[FZERO]will  be  substituted  by  the  calculations  A[ f]  and  B[  f]  for 
the  value  of  f  closest  to  FZERO.) 

Yj[f]  -  xyA[f]^  *  B[f]^ 

Q 
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The  variables  in  the  above  equation  are  defined  as  follows: 

NTAPMIN;  The  absolute  value  of  the  minimum  NTAP  value  of  the  Ho[NTAP] 

deck  defining  the  I'th  comb. 

NTAPMAX:  The  maximum  NTAP  value  of  the  Ho[NTAP]  deck  defining  the 

I '  th  comb . 

NTAP:  Goes  from  -NTAPMIN  to  NTAPMAX. 

OUT:  From  the  $1NPUT  Namelist. 

IN:  From  the  $INPUT  Namelist. 

K:  K  is  defined  as  follows: 

If  "IN'  is  odd  and  NTAP  *  NTAPMIN,  then  K  =  0 

If  "IN"  is  odd  and  NTAP  >NTAPMIN,  then  K  =  IN-1 

"r 

If  "IN"  is  even  the  program  will  abort. 

L:  L  is  defined  as  follows: 

If  "IN"  is  odd  and  NTAP  =  NTAPMAX,  then  L  =  0. 

If  "IN"  is  odd  and  NTAP  <NTAPMAX,  then  L  «  IN-1 

If  "IN"  is  even  the  program  will  abort. 
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N: 


GGG  t 
f: 

FZERO; 

EPSTPR: 

DVOVAV: 

CFF: 

EPSO; 

G: 


For  each  value  of  NTAP,  M  goes  from: 
(NTAP)(IN-M)UT)  -  K 
to 

(ntapXin+out)  +  L 
From  the  $IMPUT  Namelist. 

Frequency  as  defined  in  Section  11.3.4.1 
From  the  $INPUT  Namelist. 

From  the  $INPUT  Namelist. 

From  the  $INPUT  Namelist. 

From  the  $INPUT  Namelist. 

From  the  $INPUT  Namelist. 

As  described  in  Section  11.5.4.1.1. 


T[N]: 


T[N]  = 


TCA[NTAP]  ^  N--(NTAP)  (IN+OUT) 

— ^ —  *  — jTfzfiiroi — 


"VS"  is  from  the  $INPUT  namelist. 


The  two  remaining  quantities  to  be  defined  are: 

Cff.N]  and  Hoff,N] 

If  KOPT  =  0  (KOPT  from  the  $INPUT  namelist),  then  the  above 
quantities  will  be  calculated  as  follows: 

5[f,N]  »  0 

Ho[f,N]  »  Ho  [NTAP] 

that  is,  Ho[f,N]  equals  the  overlap  value  on  the  NTAP'th  Ho  [NTAP  ]  card  of 
the  Ho [NTAP]  deck  describing  the  I'th  comb. 

If  KOPT  *  100  (default)  then  the  above  quantities  are  calculated  in 
the  following  way; 

First,  for  each  N  the  following  variables  are  computed: 

ANGLE  Directly  from  $INPUT 

GAMMA  Directly  from  $INPUT 
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MiH.fi  -  f  25^’'  * 

ZMETERS  is  from  $INPUT 
FZERO  is  from  $INPUT 
VS  is  from  $INPUT 

BETAOpl.f  ]  -  f  ^.?tNTAP]^x 

OVALAP  is  from  $INPUT 


BETA[H.f  ]  -  BETAO(N,f] 

Now  call  subroutine  DIFF  using  the  above  3  underlined  variables  as 
input . 


Output  from  subroutine  DIFF  will  be  the  following: 


DL  Ignored 

APSLO  This  is  5lf,N] 

ALO  This  is  Ho'[f,N] 

For  a  given  f  let  Q  =  the  largest  of  all  Ho'[f,N]  for  all  values  of  N 

V 

then 

for  all  N 

All  the  variables  of  the  basic  equation  have  now  been  defined.. 
Calculation  of  the  equation  will  be  based  on  the  facts  that 

iNii  i5[f,H]  iZufT  [N  ] 
e  e  e 

,  g(iNTi  +  iC[f,N]  +  i2TrfT[N]) 

.  KNn  +C[f,N]  +  2TTft[N]] 
e 

In  general  gi"^®  cos-0-+  iSIN^ 

Thus  the  above  becomes 

cos(Nir  +  C[f,N]  +  2irfT[N])  +  iSIN(N7r +t[f,N]  +2irfT[N]) 
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11 


Thus  Che  basic  equation  yields  a  complex  number. 

I 

Let  A  [f]  -  The  real  part  of  YjCf). 

t 

Let  B(f  1  -  The  imaginary  part  of  Yi(f). 

Thus  Alf]  +  B[£]i  represents  the  complex  number  Yj(f) 

Let  Q  -  n/a[FZER^0]^  +  A  (FZERO  T 


NOTE-  A[f  1  and  B[f  1  are  calculated  at  specific  increments  of  f.  It  is 

‘.it  t.e  , 

»m'be3"uute<l  b;  the  eelcel.tione  Atfl  end  blfl  for  the  value  of  I 
closest  to  FZERO.) 


Yl  [f] 


^  ♦  B  [f 


.5.4.2  Further  Calculations 

Program  SAWPLOTS  prints  the  following  values  at  each  frequency  (GL 


.02). 


Yi(f)' 


Transducer  Response  ll  1  “  ~I0  I*®? 


2*GL*Yj  [f  ] 


i(GL  +  Y^  [FZERO  ]  )' 


=  [F.ll 


Transducer  Response  [2]  * 


2*GL*Y2(f) 


(GL  Y‘ [FZERO]  )‘ 


=  [F.2] 


Total  Insertion  Loss  =  [f,1]  +  [F,2] 

It  is  the  Total  Insertion  Loss  that  goes  on  TAPE22  to  be  plotted  by 
GRAF  or  GRAFTER. 

Note;  The  quantities  when  printed  out  are  labeled  as  Insertion  Loss 
[1]  and  Insertion  Loss  [2], 
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12.0  ELECTRON  BEAM  FABRICATION  OF  INTERDIGITAL  TRANSDUCERS 


Under  previous  contract  to  AMR,  RADC/ET  obtained  hardware  for 
fabricating  SAW  interdigital  transducers  by  Electron  Beam  Lithography. 

This  technique  is  considered  to  have  excellent  potential  to  yield  trans¬ 
ducers  with  linewidths  (electrodes)  as  low  as  .2  micrometers.  This  is 
much  finer  than  the  minimum  linewidths  obtainable  by  the  10:1  optical 
projection  technique,  described  in  Section  5.  As  a  result,  SAW  filters 
with  higher  center  frequencies  can  be  realized  by  E-BEAM. 

Basically  the  steps  involved  in  electron  beam  lithography  are  as 
follows.  The  surface  of  the  SAW  substrate,  on  which  the  transducer 
pattern  is  to  be  placed,  is  coated  with  a  thin  uniform  layer  of  electron 
resist,  such  as  polymethyl-methacrylate  (PMM),  or  another  polymer.  A 
computer-controlled  electron  beam  is  passed  over  the  resist-coated  sub¬ 
strate  in  the  areas  in  which  the  pattern  is  to  appear.  This  beam  is 
directed  by  programmed  instructions  from  the  user.  As  the  electrons 
collide  with  the  polymer  molecules,  the  molecules  are  broken  down,  with 
the  result  that,  after  beam  exposure,  the  average  molecular  weight  of  the 
polymer  in  a  given  area  is  inversely  proportional  to  the  charge  (i.e. 
number  of  electrons)  deposited  by  the  beam  in  that  area. 

After  beam  exposure  the  substrate  is  placed  in  a  special  solution. 

The  electron  resist  is  soluable  in  this  solution  and  the  rate  at  which  the 
molecules  go  into  solution  is  inversely  proportional  to  the  molecular 
weight.  Consequently,  the  more  beam  exposure  an  area  of  the  resist  has 
received,  the  faster  that  area  is  dissolved.  The  substrate  is  kept  in  the 
solution  only  long  enough  so  that  the  areas  irradiated  by  the  beam  are 
completely  removed,  thus  exposing  the  SAW  material  in  these  areas,  but  the 
non-irradiated  areas  are  still  covered  with  the  resist. 

The  entire  sample  is  then  coated  with  a  thin  layer  of  metal,  using  a 
vacuun  deposition  technique.  It  is  then  placed  into  another  solvent  to 
remove  the  remaining  resist  and  the  metal  above  the  resist.  The  result  is 
a  SAW  substrate  with  a  metal  (transducer)  pattern  on  the  surface,  in  the 
areas  where  the  beam  had  passed.  Therefore,  in  order  to  fabricate  a  given 
pattern,  a  user  must  provide  the  program  instructions  to  guide  the 
electron  beam  over  the  pattern  areas  at  the  proper  rate. 

ACSI's  participation  in  this  project  was  to  develop  a  system  of 
computer  programs  to  generate  the  appropriate  instructions  to  the  electron 
beam  pattern  generator  required  to  fabricate  a  given  transducer  pattern. 
This  system  requires  as  input  only  the  physical  description  of  the  trans¬ 
ducer,  and  produces  as  output  a  pape,  tape  which  can  be  read  by  the 
pattern  generator  to  fabricate  that  transducer.  All  the  intermediate 
steps,  such  as  solving  the  electron  optical  equations,  calculating  the 
exposure  due  to  cooperative  exposure  effects,  and  the  determination  of  the 
beam  scanning  rates,  are  done  by  the  system  internally,  thus  enabling  the 
design  engineer,  unfamiliar  with  electron  beam  lithography,  to  fabricate 
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SAM  devices  by  this  technique.  Additionally,  the  paper  tape,  and  a  few 
machine  settings  (also  calculated  by  the  program)  are  all  that  is  needed 
for  an  electron  beam  fabrication  engineer  to  fabricate  complex  SAW  devices. 


12 . 1  Hardware  Description 

The  electron  beam  fabrication  system  at  RADC/ET,  developed  by 
Advanced  Metals  Research  Corporation  consists  of  three  sub-systems:  1)  an 
electron  optical  column  and  stage,  2)  an  analog  electron  optical  control 
and  display  unit  and  3)  a  digital  control  system.  The  sample  is  placed  on 
the  stage  beneath  the  electron  optical  column,  which  is  the  source  of  the 
electron  beam.  Both  the  beam  scanning  rates  and  deflections  and  the  stage 
movements  are  governed  by  the  digital  control  system,  which  receives  its 
directives  from  the  user  supplied  paper  tape.  A  pattern  is  built  up  by 
combinations  of  stage  movements  and  beam  deflections. 

The  substrate  is  positioned  on  a  motorized  stage  with  two  normal 
axes,  each  of  which  is  capable  of  locating  the  stage  over  a  distance  of 
100  mm.  The  stage  movements  along  each  axis  are  independently  monitored 
by  a  laser  interferometer  in  791  angstrom  (.0791  m)  steps.  A  100  mm 
translational  movement  capability  in  791  angstrom  steps  implies  1,264,222 
individually  accessible  addresses  on  each  axis.  The  x  and  y  addresses  of 
the  stage  are  contained  in  two  21  bit  binary  words  which  are  incremented 
or  decremented  by  the  interferometer  as  the  stage  is  moved  in  response  to 
commands  from  the  digital  control  system. 

The  magnetic  deflection  field  of  the  electron  beam  is  also  digitally 
addressed  and  contains  2l^-l  addressable  points  in  each  of  the  two 
normal  axes.  The  total  size  of  the  magnetic  deflection  field  is  adjust¬ 
able  by  the  operator  and  can  be  varied  continuously  from  .75  mm  to  2  mm  on 
a  side,  depending  on  the  resolution  required. 

The  patterns  within  the  scan  field  are  sub-divided  into  rectangles. 
For  each  rectangle  the  paper  tape  supplies  the  digital  controller  with  the 
X  and  y  coordinates  of  two  opposing  corners  of  the  rectangle,  (each  are 
represented  by  a  2^^  bit  binary  word).  When  the  rectangle  has  been 
defined  by  these  coordinates  (xj,  X2 ,  yi,  and  y2) ,  the  scanning 
sequence  is  initiated.  The  beam  scans  from  (xj^,  yl)  to  (x2,  yi) , 
then  increments  the  y  address  and  scans  from  (x^,  y^+l)  to  (x2, 
y-j^+l).  This  procedure  is  repeated  until  the  final  scan  for  the 
rectangle,  from  (xj^,  y2)  to  (x2,  y2)»  is  completed.  The  rate  at 
which  the  beam  scans  is  also  specified  on  the  paper  tape.  At  the  end  of 
each  scanning  sequence  the  digital  controller  looks  for  new  instructions 
from  the  paper  tape  (these  may  be  either  stage  movement  or  scanning 
instructions)  until  the  end  of  the  tape  is  reached. 

12.1.2  Cooperative  Exposure  Effects 

As  mentioned  earlier,  the  areas  on  the  substrate  which  have  absorbed 
charge  doses  greater  than  (see  Figure  12.1)  become  the  final 

metallized  areas.  To  build  up  a  pattern,  we  direct  the  electron  beam  so 


that  the  areas  we  want  metallized  receive  a  dose  greater  than 
the  non-metallized  areas  receive  less  than  Qn,£n.  It  may  appear  that  the 
absorbed  dose  in  a  given  area  is  simply  the  product  of  the  electron  beam 
current  and  the  corresponding  dwell  time.  However,  the  electrons  are  not 
all  absorbed  at  the  point  at  which  they  impinge  on  the  slab,  but  rather 
have  a  distribution  about  this  point.  This  is  because  the  electrons 
scatter  several  times  within  both  the  resist  and  the  substrate,  and  an 
electron  may  be  several  mean-free-paths  away  from  the  point  at  which  it 
entered  the  resist  before  it  has  lost  all  its  kinetic  energy. 
Consequently,  the  effective  absorbed  charge  in  a  given  area  is  a  certain 
fraction  of  the  charge  coming  from  the  beam  when  directed  at  that  area, 
plus  a  fraction  of  the  beam  charge  when  the  beam  is  directed  at  other 
areas.  Since  the  widths  of  the  transducer  electrodes  are  comparable  to 
the  electron  mean-free-path,  this  cooperative  exposure  effect  must  be 
taken  into  account  when  calculating  the  dose  rates  for  transducer 
electrodes . 

In  this  section,  we  develop  a  cooperative  exposure  model  for  use  in 
fabrication  of  interdigital  transducers  by  electron  beam  lithography. 
Since  it  is  the  distribution  of  the  absorbed  charge  which  affects  the 
final  pattern,  and  since  we  can  control  only  the  deposited  charge,  (by 
directing  the  beam  position  and  scanning  rates),  our  model  should  tell  us 
the  deposited  charge  distribution  which  results  in  the  desired  absorbed 
charge  distribution.  For  the  case  of  interdigital  transducers,  we  want 
the  charge  distribution  along  the  length  of  the  transducers  to  be  such 
that  it  is  greater  than  electrode  sites  and  less  than 

between  the  electrodes  (see  Figure  12.1).  Silnce  the  electrode  lengths 
are  much  greater  than  their  widths  we  assume  a  constant  charge  distri¬ 
bution  along  the  length  dimension,  and  will  vary  only  the  distribution  in 
the  X  (width)  dimension. 

We  begin  by  making  the  following  definitions; 

=  The  x-coordinate  of  the  center  of  the  i^^  electrode. 

Qdep  (x)dx  =  the  beam  charge  impinging  on  the  resist,  (i.e.,  the 
deposited  charge),  between  x  and  x+dx. 

Qabs  (x)dx  =  The  charge  absorbed  in  the  resist  between  x  and  x+dx. 

f(x'  ->■  x)dxdx'  =  The  fraction  of  the  charge  deposited  between  x  and 

x+dx,  which  is  absorbed  between  x'  and  x'+dx'.  (This 
is  the  "Green's  function"  corresponding  to  the  charge 
absorption) . 

The  last  definition  allows  us  to  relate  the  absorbed  and  deposited 
charge  distributions  by  the  following  equation: 


00 

Q  (x)  =  /  Qj  <x’)f(x’  x)dx' 

abs  dep 


(1) 
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Because  of  hardware  constraints  we  are  not  free  to  vary  the  deposited 
charge  distribution  continuously,  but  only  in  discrete  steps.  Therefore, 
at  this  point,  we  impose  the  requirement  that  Qjgp^x)  takes  the  form 
(where  a  is  the  half  width  of  each  electrode): 


X,  -  a-  X-  X,  +  a 

■ 

0  t'thofwise. 


(2) 


where  2a  is  the  "deposition  width";  the  width  over  which  the  beam  is 
directed  for  each  electrode.  In  terms  of  previously  defined  quantities, 
this  is  given  by: 


2a  =  N 

states 


‘ir 


(3) 


and : 

Qj  =■  The  areal  charge  deposited  by  the  beam  at  the  s  i  le  of  the  i 
electrode.  These  are  the  quantities  that  we  seek. 

Now  Equation  (1)  reduces  to: 


,  ( X  ) 


N  1 

N'  Q.  /  (  (x'  *  x)<!x'. 

n  '  N- 


(4) 


for  a  transducer  with  N  electrodes.  Later,  we  will  evaluate  the  inte¬ 
grals.  We  want  the  absorbed  charge  to  be  equal  to  Q,„jn  at  the  finger 
edges  ,  i . c . 


q  ,  (X.  +  .0  -  , 

.lbs  I  min 


.N 


Substituting  this  into  Eq .  (4) 


x^+a 


^  Q ,  /  1  ( X '  *■  X  ,  +  a )  d  X '  +  Q  ,  ,  ]  =  1  , 2  .  .  .  N 

-  ‘  ‘  'min 


I  >  I 


X .  -a 

i 


(5) 


(6) 


The  above  is  a  system  of  2N  equations  in  the  N  unknown  Q^'s.  We  have 
more  equations  than  unknowns  since  we  have  imposed  the  requirement  that 
the  deposition  width  be  the  same  for  each  electrode.  In  the  general  case 
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Figure  12.1  Charge  Distribution  required  for  Fabricating  an  Interdigital 

Transducer 


(a)  Position  of  transducer  fingers  on  substrate, 

(b)  Ideal  absorbed  charge  distribution  required. 

(c)  Nominal  absorbed  charge  distribution  which  will  place  the 
electrodes  as  shown. 
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we  would  have  an  additional  N  unknowns;  the  deposition  width  at  each 
electrode.  We  are  forced  to  choose  the  N  boundary  conditions  we  will 
satisfy  out  of  the  2N  required.  We  arbitrarily  choose  to  meet  the 
boundary  condition  on  the  left  edge  of  each  electrode,  so  we  have  the 
following  in  place  of  Equation  (6): 


^  \  ^  (x’  — Xj  -  a)dx’  -  j  -  1.2...N  (7) 


which  is  a  system  of  N  equations  in  the  N  unknown  Qj^'s.  This  can  be 
written  in  matrix  form  as: 


-  ‘^min 


where  the  matrix  elements  are  given  by. 


■i: 


f  (x'  -»■  Xj  -a)dx'. 


«>i  -  ‘>1- 


<Wi-W 


And  the  desired  Qj^'s  are  given  by: 


where  F"1  is  the  inverse  of  the  matrix  F.  (13) 

We  now  turn  to  the  evaluation  of  the  integrals  in  Equation  (9).  At 
this  point,  f  can  be  expressed  approximately  as  the  sum  of  two  Gausslans, 
one  representing  primary  and  the  other  secondary  backscatterers. 


f(x'  -►  x)  *  Cj^e 


-(x’-x)' 


-(x’-x)' 


+  C^e 
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which  gives  the  elements  of  the  matrix  P  in  terms  of  known  quantities . 
These  are  then  used  in  Equation  (12)  to  obtain  the  Q^'s. 


Physically,  the  matrix  element  (F)ij  represents  the  fraction  of  the 
beam  charge  deposited  at  the  site  of  the  jth  electrode,  which  is  ab¬ 
sorbed  at  the  side  of  the  ith  electrode.  Usually,  this  fraction  is  very 
small  for  widely  separated  fingers  so  that  the  matrix  F  has  only  diagonal 
elements  and  a  few  off-diagonal  elements.  Ue  can  take  advantage  of  this 
fact  when  inverting  the  matrix  in  order  to  reduce  the  required  computer 
storage  and  computation  time  required. 

12.2  Program  Concepts 

The  purpose  of  the  computer  program  is  to  generate  paper  tapes 
containing  the  appropriate  instructions  to  the  pattern  generator  for 
fabricating  interdigital  transducer  patterns.  It  should  require  as  input 
only  the  physical  dimensions  of  the  transducers,  plus  a  few  constants 
describing  the  SAW  material  and  the  resist.  The  output  should  include  the 
paper  tape  itself  as  well  as  brief  meaningful  instructions  to  the 
operator,  and  other  printed  output  describing  the  various  dimensions  of 
the  pattern.  By  keeping  the  input,  output  and  operating  instructions  as 
simple  as  possible,  all  the  complexities  in  determining  the  appropriate 
exposures  will  be  contained  within  the  program  modules,  hidden  from  view, 
thus  reducing  the  amount  of  interpretation  required  from  either  the  device 
designer  (program  user)  or  the  device  fabricator  (pattern  generator 
operator) . 

12.2.1  Program  Logic 

Figure  12.2  illustrates  an  example  of  a  typical  transducer  pattern  to 
be  fabricated  by  the  electron  beam  lithographic  technique,  and  defines 
some  of  the  dimensions  used  to  locate  the  devices  on  the  slab.  Recall 
that  the  lOX  masters  described  in  the  previous  section  contained  either  a 
single  transducer  pattern  or  all  the  transducers  comprising  a  single  SAW 
device  (or  "SAW  filter").  However,  Figure  12.2  shows  that  the  SAW 
substrates  used  in  the  electron  beam  lithographic  technique  may  contain 
several  SAW  filters.  In  some  cases,  a  certain  SAW  filter  will  simply  be 
repeated  several  times  on  the  slab  so  that  the  reproducibility  can  be 
tested.  In  other  cases,  each  SAW  filter  will  be  different  and  all  the 
filters  on  the  slab  will  comprise  what  is  known  as  a  "filter  bank".  Each 
device  on  the  slab  is  called  a  "channel".  (In  this  context  a  "device" 
means  the  combination  of  two  or  more  interdigital  SAW  transducers  aligned 
along  the  same  acoustic  path.) 

The  physical  dimensions,  placement  and  overlap  of  the  electrodes  in 
each  of  the  transducers  on  the  slab  are  described  in  the  usual  way  by 
means  of  the  standard  RADC/ET  format  and/or  the  coded  RADC/ET  format  (see 
Section  3).  Consequently,  program  CONVERT  is  required  to  convert  the  data 
from  these  formats  to  physical  dimensions  in  the  Raytheon  format  (see 
Section  3)  before  running  AMR,  the  Electron  Beam  Fabrication  Program. 

This  is  also  necessary  when  running  the  lOX  master  fabrication  programs, 
ELECTRO  and  HUGHES,  described  in  Sections  5.0  and  6.0.  The  flow  of  the 
logic  in  program  A^  is  illustrated  in  Figure  12.3  Each  step  is  described 
in  more  detail  below. 


223 


by  Electron  Beam  Lithography 


Before  the  electron  bean  fabricator  can  be  used  to  generate  SAW 
patterns,  the  operator  must  perform  a  series  of  checks  on  the  slab  align¬ 
ment,  electron  optics  and  other  system  variables.  To  assist  in  these 
checks,  the  first  few  blocks  of  every  paper  tape  program  contain  what  is 
called  a  “calibration  routine".  This  routine  is  simply  a  series  of 
scanning  and  stage  motion  commands,  and  is  the  same  regardless  of  the 
pattern  to  be  created.  Execution  of  program  AMR  always  begins  with  these 
commands  being  punched  on  paper  tape. 

The  program  then  reads  in  the  data  from  the  $AMR  namelist.  This 
information  is  used  to  locate  the  various  transducers  on  the  slab. 
Execution  of  the  program  is  repeated  (except  for  writing  out  the  cali¬ 
bration  routine)  until  there  are  no  more  $AMR  cards  on  the  input  file. 
Usually  there  will  be  either  one  $AMR  card  for  the  entire  filter  bank,  or 
one  for  each  channel  in  the  filter  bank,  although  intermediate 
combinations  are  also  allowed. 
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When  all  $AMR  cards  have  been  processed,  the  paper  tape  will  then 
contain  all  the  instructions  required  for  each  channel  on  the  slab.  The 
program  then  writes  out  a  few  blank  records  on  the  paper  tape  file  to 
insure  that  all  the  buffers  are  empty  at  program  termination.  Finally  the 
program  prints  out  a  few  numbers  for  use  by  the  operator  when  running  t  e 
paper  tape.  These  include  the  size  of  the  scanning  field,  the  beam 
current,  and  the  width  at  which  the  electron  aperture  is  to  be  set. 

Once  the  $AMR  data  has  been  read  in  and  the  location  of  the  trans¬ 
ducers  on  the  slab  has  been  determined,  the  program  reads  in  the  data 
generated  by  program  CONVERT  (see  Section  3).  These  data  describe  the 
physical  dimensions  of  each  transducer  in  the  channel.  The  transducer 
electrode  dimensions  and  positions  (from  file  TAPE9)  along  with  the 
$CONVERT  variables  (read  from  TAPE28)  are  all  that  are  necessary  to 
describe  the  transducer  uniquely.  These  data  are  then  used  to  calculate 
the  transducer  lengths  and  the  corresponding  pad  lengths.  The  transducer 
centerlines,  with  respect  to  the  slab  coordinate  system,  are  also  cal¬ 
culated. 

The  size  of  the  scanning  field,  dj,  is  then  determined  from  the 
size  of  the  largest  pattern.  The  available  field  sizes  presently  are 
.7  mm  to  2  mm  on  a  side  in  .1  mm  increments.  The  program  selects  the 
smallest  of  these  which  will  contain  the  largest  transducer  pattern. 

Since  there  are  2^**  divisions  on  each  side  of  the  square  field  the 
required  beam  width  is  given  by; 

dg  »  dp/16383. 

Thus  the  areas  covered  by  adjacent  passes  of  a  beam  of  this  width  will 
intersect,  insuring  that  all  the  area  contained  in  a  scanning  rectangle 
will  be  covered  by  the  beam. 

The  electron  optical  equations  are  then  solved  for  the  beam  current 
and  electron  aperture  size  required  for  a  beam  of  this  diameter.  Before 
the  program  terminates,  these  parameters  are  printed  out  for  later  use  by 
the  fabricator  operator,  when  setting  up  the  system  before  running  through 
the  paper  tape.  (The  electron  optical  equations  used  by  this  program  are 
developed  in  detail  in  Section  12.2.2.) 

Because  of  hardware  limitations,  the  assumption  must  be  made  that  all 
transducer  electrodes  are  the  same  width,  w.  (however,  this  is  usually  the 
case  anyway.)  It  has  been  determined  experimently  on  the  RADC/ET  electron 
beam  fabricator  that  the  width  of  a  line  fabricated  using  a  single  pass  of 
the  beam  is  typically  3  to  5  times  the  diameter  of  the  beam,  depending  on 
exposure.  The  line  width  is  greater  than  the  beam  diameter  because 
electron  scattering  in  the  resist  and  substrate  cause  a  distribution  of 
beam  charge  about  the  point  of  beam  impact.  We  define  the  minimum  line 
width  as: 


and  require  Ng^ans  adjacent  passes  of  the  beam  to  fabricate  a  line  of 

width  W,  where  N  is  eiven  by: 

scans  “  ^ 

U 
=  n 

scans  w  .  , 
min 

truncated  to  an  integer.  The  restriction  that  every  transducer  electrode 

on  the  slab  is  to  be  the  same  width  also  restricts  the  variable 

to  be  a  constant  as  well.  scans 

We  have  restricted  the  size  of  the  area  to  be  covered  by  the  electron 
beam  for  fabricating  each  electrode.  However, the  beam  exposure  can  still 
be  varied,  thus  varying  the  width  of  the  developed  line.  The  exposure  is 
controlled  by  varying  the  rate  at  which  the  beam  passes  over  a  given 
area.  The  scanning  rates  and  corresponding  dwell  times,  which  can  be 
specified  by  a  paper  tape  program  and  used  as  input.  The  scanning  rate  of 
the  beam  can  only  be  varied  in  factors  of  2,  but  the  software  (i.e.  the 
paper  tape  program)  can  circumvent  this  restriction.  Since  the  exposure 
is  cumulative,  and  directly  proportional  to  the  beam  dwell  time,  an 
arbitrary  exposure  in  a  given  area  can  be  achieved  by  multiple  passes  of 
the  beam  over  the  area  at  different  rates.  The  final  exposure  is  the  sum 
of  the  exposures  of  the  individual  scans.  This  procedure  is  called 
"redundant  scanning"  and  is  incorporated  into  the  FINGER  module. 

Next  the  program  determines  the  scanning  sequence  (exposed  areas  and 
rates)  required  for  each  transducer  pattern.  Since  the  absorbed  charge  in 
a  given  area  is  equal  to  a  fraction  of  the  charge  deposited  by  the  beam  in 
that  area,  plus  a  fraction  of  the  charge  deposited  in  neighboring  areas 
(called  the  "cooperative  exposure"  effect),  determination  of  the  scanning 
sequence  required  to  fabricate  a  given  pattern  is  a  formidable  task.  The 
cooperative  exposure  model  developed  for  this  program  is  described  in 
Section  12.1.2.  However,  since  many  of  the  constant  parameters  are  still 
to  be  determined  experimentally,  this  model  was  never  incorporated  into 
the  program.  As  it  currently  stands  the  program  directs  the  beam  to  pass 
through  each  area  at  the  same  rate.  The  model  described  in  Section  12.2.2 
is  available  to  incorporate  into  the  program  when  the  constants  have  been 
determined. 

Once  the  scanning  sequences  have  been  determined,  the  appropriate 
scanning  instructions  are  punched  onto  the  paper  tape.  The  transducer 
pads  patterns  are  exposed  next,  by  scanning  the  beam  over  a  single 
rectangle  in  the  appropriate  area,  above  and  below  the  transducer 
electrodes.  When  both  the  electrodes  and  pads  have  been  exposed,  the 
stage  is  moved  in  the  X  direction  to  the  center  of  the  transducer  pattern 
for  the  next  transducer  in  the  channel,  and  the  above  procedure  is 
repeated  for  the  next  transducer.  When  all  transducer  patterns  in  a  given 
channel  have  been  exposed,  the  logic  returns  to  read  another  $AMR  card. 

12,2.2  Electron  Optics 


Once  the  desired  width  of  the  electron  beam  has  been  determined  it  is 
necessary  to  calculate  the  electron  gun  conditions  which  will  result  in  a 
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where  ig  is  the  beam  current  and  a  is  the  semi-angle  of  the  beam  point 
subtended  at  the  aperture.  The  remaining  quantities  are  constants;  g  is 
the  beam  brightness,  X  the  electron  wavelength,  Ai/i  and  AE/E  are  the 
fractional  instabilities  in  the  beam  current  and  energy,  respectively  and 

C3  are  respectively  the  chromatic  and  spherical  aberration 
coefficients.  For  the  RADC/ET  system  the  constants  are; 


6  = 

i  =  1 

Q  2 

10  arap/M  . 

^2X10 

^  \ 

Cc  = 

.06M 

Cs  = 

3.5M 

•M/i 

=  lO'^ 

AE/E 

=  10-^ 

E 

=  20  X  10^ 

1/2 


.1X10 


(25) 


With  this  information  wr  have  an  equation  relating  the  beam  current 
and  the  aperture  size,  for  a  given  beam  diameter.  Thus,  according  to  this 
equation,  there  exists  an  infinite  number  of  combinations  of  ct  and  ig  j-q 
obtain  a  desired  beam  diameter.  The  approach  we  take  is  to  choose  the 
solution  which  gives  Che  highest  beam  current,  since  high  electron  fluxes 
will  decrease  the  fabrication  time  required. 

Equation  26  can  be  written  as: 


2 

TT  6a 


(.61X)‘ 
- T~ 

a 


Qa  +  Ra 


(26) 


Solving  for  ig; 


°  ^6 
®  4 


.  2 


(.61X)‘ 


Qa^  -  Ra® 


(27) 
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The  maximum  beam  current  is  obtained  from  a  solution  to: 


'Ih 

3a 


=  0  = 


2  3  7 

d  2a  -  Q4a  -  R8u 
o 


6  Q  2  B  '  „ 


(28) 


which  is  a  cubic  equation  ina2_  gq _  (28)  specifies  the  aperture  angle 
at  which  the  solution  to  Eq.  (27)  gives  the  maximum  beam  current.  Un¬ 
fortunately,  we  are  not  free  to  vary  continuously .  Utilizing  the 
available  aperture  sizes,  d,  we  can  relate  a  to  d  by: 


sin  a  = 


(29) 


where  S,  =  70.4X10*‘3|^  on  the  RADC/ET  system.  So  we  first  solve  Eq.  (28) 
for  the  optimum  a ,  and  then  the  corresponding  aperture  size  d,  is  deter¬ 
mined  from  Eq .  (29).  We  then  chose  the  closest  available  aperture  size. 
This  value  of  d  is  then  used  with  Eqs.  (29)  and  (27)  to  obtain  the 
required  beam  current. 

Program  AMR  contains  a  module  which  solves  these  equations  and  prints 
out  the  aperture  size  and  the  beam  current.  These  quantities  are  then 
transmitted  to  the  SEM  operator,  along  with  the  paper  tape. 
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APPENDICES 

The  following  conventions  are  used  throughout  the  Appendices. 


The  running  of  a  program. 
N'th  program  to  run. 


Printed  Output 


Disk  file  acting  like 
magnetic  tape 


Physical  Magnetic  Tape 


Punched  Card  Input 


CZ) 


Plots 


The 


O 
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Flow  Chart  Connector 


APPENDIX  A 


GILPM  Run  Deck  and  Data  Flow  Chart 


The  following  run  deck  was  used  to  simulate  the  example  described  in 
Section  9.4.  These  programs  are  collectively  known  as  RC//2M.  The  flow 
chart  presents  the  data  flow  diagram  of  the  preceding  run. 
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\^The  four  preceding  the  description 
indicates  a  four  by  four  matrix 
will  follow.  The  blank  lines 
indicate  a  zero  entry. 


4  ^  _ 

♦  SN9G4.'S9l6+SNQ1»Smo2.oici 

♦  S9  VG  _ 

♦  SNRG^SMLO' . 

-STCi 


♦SNBG+SMLC 

♦SNVG _ 

♦  SNR6»SHLC*SNQ'»+SMC4^SI52 
-SICJ_  _ 


Description  of  second  four  by 
four  matrix. 

(Matrix  In  example) 


-S1C2 

♦  SI C2+SNO  2+SM  A2fSN5  2 
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♦SNRG»SMLO*SN01+SMQ2+SIC1 


-SI  Cl 

»SNRG-»SMLC _ 

♦  SMVG 

-SI  Cl _ 

♦  SICl+SNRH-SNftl  +  SNBl 


♦  SNfiG»SMt.C _ 

»SNRG»S>1L0*SN03*SHn4*STC2 

♦  SNV6 


Description  of  third 
four  by  four  matrix. 
(Matrix  D  In  example) 


r897eq7897697897897o97f 97aq78976<?7897B97397d97e97997897897897e978q7e97?97897 


JPLTOAT  r7fon=495.  DEfet  495.  0E6,niV=24.flC6,49.  DE6 ,  lINC  A  L=99 . 0 , 99 .0  i 
6789678967895789578967896789578967896789678967896789678967896789678967896789 


TAPE24 


Printed 

Output 
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APPENDIX  D 


The  following  is  the  version  of  program  RIND  that  was  compiled 
for  use  in  the  preceding  sample  run. 
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PROGRftM  RIN0(IMPl'T,0UTPUT,TAPE5=INPUT,TAPE6=0UTPUT,TflP?ll,T4PE25) 


RPAL  L 

complex  Zl.Z2.7-i _ 

dtmpmsiom  onte) 

OlMPMSION  T( 1")  .K  (B  ) _ 

OIHFUSION  L(<»),0(4),S=FfL) 


namelist  /oind/  l,';pf,o 


RE  NINO  11 

-EWINO  .2? _ 

REACdl,!)  T,K 
PQPMATdOAlQ.ei?) 

no  50  JMifl _ 

OQ(  J)S0. 

TNOPIg6.2a3iaF?Q« 
SO  51  Jsl.U 

L(Jt8lO.E-q _ 

SRF (J)=1.E9 

1U)-10S» _ 

51  CONTINUE 


REA0(5«0INn) 
NRTT£(6  .OTNO) 


FOR  MAT (502 O) 

F(ll) .NE.O)  GO  TO 


Ra(TMOPI*F*L(  I)  )  /C(  I) 

Csl./(L(H*((TH0PI»SPF(I))*»2  »  <P/ L  ( I ) )  **2) ) _ 

0=(  (IHOPI'fF^R)  /L(I)  )  ♦•2+{  ( l./d  (I)  *0  )  -(Tw6pI*F)  **2)  **2 
0( 2*1-1) «(R/((L(T)*r)**2))/0  _ 


Q0(2*I)a((l./C)*((l./(LCI) *0) )-(TWOPI*F)**2-(R/L(I))**2))/0 
TTNU 


REMINO  25 


FOOMAT(  6X,9HFOE01'E‘'CY,12X,  2H01,  lEX ,  2HQ2 , 12X ,  2H Q3 , 12X ,  2HP4 , 
1^2Ha6tl2X,2M07, 12X.2H09) 


IF(F0F< 11) .NE.O)  GO  TO  2Cr» 
IF(E0F(2'^)  .N^.O)  CO  TO  ??P 
WPITE(5,11'‘)  f,  {00(  J)  ,  J=1,  A) 

format  (  IV.  PEI  4.  4) _ 

GO  TO  ur 

REWINP  1! _ _ 

REW INO  EC 
FHO 
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The  following  is  an  example  of  a  GETMATD  run. 


ELTER,CM74000 ,T10.  2582  ELTERMSN 


LGO. 


PROGRAM  SVNTXCK(TNPUT,OUTPOT,TAPE5=INPUT,TAPE6=OUTPIIT» 


00  10  J=1,N. 


CONTINUE 


Tinu 

SUBROUTINE  G E TM ATP <m ,C T7E) 


KSIZE=SIZE 


00  ?■)  J=1,KSTZF 


EOOKAT  (IGfAl,  A2,A1,  Al)  ) 


no  30  1=116*4 


I  — ■  4  X  t  ^  9  U  I 

CONTINUE 


00  40  LsE.G-’.A 


•  r  A  ^ 

IF(M(I,J,L».En,ZHS«»  TE*«P<L»=7H  S 


l"4n4XfOfU#4CU«fr'’:i|  T  c.^4'  4  X.  4  -  O'’  . 

CONTINUE 


MR1TE<6,’)  (TEMP<L) ,U=1 ,64) 


A=M<I,J,t.) 


0=**  (I,J  ,L+?) 


'I*’*  4X,  4/,\.’-  4 

IFIA.PO.IM  )  GO  TO  75 


4  — fX  ,  fC^OX 

IF(R.ME.2H5N.ANr,<P,EO,lHA.PR,C.E0.1H'>))  GO  TO  IOC 


l»#r4’  »n  i*4'*r4r» 

IF(  (B.NE.?M5M.ANr.O.ME.2HSN) .AN0.P.NE.2MSI)  GO  TO  100 


IFIC.EO.lHR.AKO.r.EO.lHG)  GO  TO  50 


243 


70 


AT  %  T%u*cu«AnA«U'T*u*ciAAXn&#  •  TiF.  •\Li*cu>Anjt(jr^«'TsC'J«An**r  t  •Wlir* 

l((0.EQ.lH9.0P.0.Fa.l'H6).0R.(0.EQ.lH7.0R.D.FQ.lH8)))  GO  TO  70 

60  TO  100 - 

IF( <(( (C.NF.IHC.ANO.C.NE.IHR) .AND .C .NE. IHL ) . ANO. C.NE . 1 H«) 

—-I - l.AWD.C.  HE.IHBI.AND.C.NE.IHOI  GO  TO  100 - 

Jl  GO  TO  5  0 

■  -  — 75 - nrtTi - 

00  00  LHsLL>64 

- lytmi,  J,LM1  .we.lF  .  AWO.HtI,J,tH>  - »  GO  TO  100 - 

00  continue 

- GO  TO  ^0 - 

50  CONTINUE 

- ra - CONTINUE - 

10  CONTINUE 

- »NITgtO,B> - 

4  FORHATIIHO,*  NO  SYNTAX  E»90RS»T 

- NNITEI6,15) - 

RETURN 


U  U  A 
001 
UITZ 


I 

inrr 


JJ2 


■t 

I 


TTZ 

002 


C02 

-mr? 


100  LT3(l+3)/4 

- NRITE<6,5> 


-THT? 


-m 


FORMATIIHO,*  A  SYNTAX  ERROR  HAS  OCCURRED ,EXECUT lOK  MILL  BE  TERMINA002 

ITEB.*! - 

HRITE(6,6)  LT 

FORHATdNB,*  AN  ERROR- HAS  OCCURREO-TN  FTELO  NUMBER*,  IS) - 


NRITE(6,7) 

FONHATdHO 


THE  FOLLONTNG  TS  THE  FAULTY  CARD  THAC-E*> 


Tinu  • 

HRITE(6|0I  (N(I,J,KK), KKsl,64> 

FOHH»T«lNO'tlBX,lH«lt02»01»>>l>» - 

MRITE(6tBI 

FONH»THX,10X,0<*1234567850*I  > - 

STOP  "RAO  MATRIX  DESCRIPTION  SYNTAX” 
ENO  ■  -  -  ■ 


002 

-Oltt 

002 


Tnr? 


♦SHNCAmo - 

TSNlO-SNB2tSHB3>SNRG 
“FSNTTCTinuuTSHLEYS  IC  2 
-SIC2 


*5rC2 - 

♦SIC2tSNR2tSNA2«SNB2 

70^  78^ 7 097  OM/OTTOSTOBTOyrgBrOMTOBT 05705709709785709 /OB 7097697  OBTOBTESrO 
789 7897857857897857657097097897057897 09765789789789789789789709709789705 78' 

i9»ot.8r;Hr<.-AB - seopr  s.a.r - *  cocboba — orp.  g.i. - 

67856789678967896789678987896789678987896789678967096789678967896789678967 


APPENDIX  B 


Saw  Device  Analysis  Run  Deck  and  Data  Flow  Chart 


! 
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ELTCl(CH2200ai),  T40. 

ATT  ACH,COHBS  iC0HBS3AXjn&i  IO  =  OOL  AN,  HR=l  . 

ATTACH,MATCH,HATCHa,IJ=S4.0flOO,HR- 1.  - - - 

ATTACH,GRAF,GRAF, IO=Sl0800,HR=1. 

■Wt  AC>4,TWAM8,  TkANSXjyife  rtO'-SLOBOO ,HBt,  i. - 

ATT  ACH .PULSE .PULSE X32 lb , IO  =  pENS1E«, MR=l . 


LlBRARr.PEN. 

RE3UfcST,TAPt3  9,»Q. - 

DISPOSE, TAPE39,*LR. 

■CDNWtBT. - - 

RE3UEST,TAPE10,*PF. 

C  OH  BS  • 

COMMENT,-— CAIAL0Gr4AP614-  CARO  GOES  HERt 
L0SeT,PRESET=ZtRO. 

WJLS6. - 

LOSET,PRES£r=  ZERO. 

MATCH. - - 

LOSET, PRESETsZERO. 

^AMS. - -  - 

RFL.bjaOO. 

■LaseT.pae  SETs  ZERO. - 

GRAF. 


RFL ,50000  . 

- C0PVS8G.TAPE9. 


tLTERMAN 


Zd9  zasr*?  7897  8978928978  97897697637  897  897  897897  897  89  709  789  789Z897ts97897  69Z897 

This  is  the  title  caro  preceding  sconvert. 

$:ONV£RT  0WALAPs5.48E-3,PA0S=3.8 lt-5 ,H1=1. 27t-5 ,SIN GLE=T ,T ,DUMMY=F,F  i 
-MOLN>  OCCK  FOR  AN  UNAPPOOIZEO  CONS  WITH  10  GAPS 
•4  l.OOQlOOOEbO 

- -3 — A.oo^aonueoo - 

•2  i.oooooaoEoo 

- Mi - 1  .aaaddaoEoo _ 

0  l.dOOJJOOEOO 

- 1 - l.OOajJObEOO - - - - - — _ _ 

2  l.OOOdOOOEOO 

- J - A  .0000800600 - - — - - - 

4  l.OOOOOOOEOO 

- 5 — 1  .aoooaaoEOo - 

7897897897897897897897897897897697897897897897897897897697897897897897897897 


HO(N)  DECK  FOR  AN  UNAPPOOIZEO  COMB  WITH  Id  GAPS 

- «A - 1  .OOOJJOUEOO - - - 

-3  i.odoajaoEOo 

- m2 - 1.0000000600 - 

-1  l.OOOOOOOEOO 

- 0 - l.OOOOOOOEOO - - 

1  l.OOOOOOOEOO 

- 2 — i.ooiujooeoo - —  —  - 

3  l.OOOOOOOEOO 

- k - 1 .0000000600 - - 

5  l.OOOdOOOEOO 

-7-»B7»»7»978»ZA»7>97697697897  897697897  897  897097419789789789789789789789769- 
7897897897897 89789789789789789789789789789789789789 7897697 897 897 897 697 897897 

-THIS  IS  THE  COMBS  TITLE  CABO - - - 

i-REQ  FINIT=41.E6,FINC=.25E6,IFREQ=72, IPRT=2, ICOPY=77$ 
to  ARAM  OOPRI  sB.  1  .V/Fl  =  Y4t4  .r.A  Pns7 . 5P-1  n  .  8Hn  =  7  T47  .Rt 
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_ Zii7Aa?da7d92tt‘J7t»<l7a'J7t<l7tt97il^2  da7aa7iia7Jia7ft'J7tt97tt97tt97a97a97tt97fl97d97d9;tt97 » 

iP ULSeS  FlNlT  =  <.l.Ef.,FI"JC=.?5Eb,IKr(i.a=72,F7L-iO=50.tb|PWIOTH=l.t*6t 

_ Z(t9  7d97a97d97a97oa7a97a9/a9/tt97a9/<^97Aa7a37aJ7d97tl97497a9/d97C97o97d97d97o97< 

ELTERMAa  4904  CODE  1  IFSr 

tMATf.H  ggaPHiTfl  ^T.  -H&,JT  =  T.  «;r..lPf  =F  t  T  1 1  1  A _ 

iELIST  t(2>=.7w-6,  R(2)-li.,  !•'£?=?  » 

_ _ 7a97d97d9  7a97  A974  97u9  7l  97d97o  J7c97t»97d97d97t»i7a97a97a97<i97ai97a97<197a97d9Za97  i 

♦  TRANS  1UNIT=13,11,  SlOT'E^F,  uR4PH=T  i 

_ Zd97a97a97a97  d97  a97  a97d97a97(i  97d97i  97  897  d97  897  d97a9  739  7a97A97tt97a97a97«aZa97. 

iPLTDAT  F7E>?0=5Q.Ef),ni(/M.tTi» 

f>78  0p,7  8aF  T8PF7«9f.  7  8  987 (  98  7 P98 7498 7896^ b^ft  7898 7  8987806^896  7898 7896 7e9678<: 


c 

Printed 

CONVERT 

Output 

TAPE9 

V 

eLTCl,CM2aoOOO,T(*3 


2562 


ELTERMAN 


1 . 1  I  titmi  iiLi 


ATr  ach,conv'’rt,conv'’pt?x37i6,  rn=si  opor,Mi?=i. 


ATT  ACM,  HA  TCH,MATPH3,in=5LmoO,HP  =  l. 


ATT  ACH, TRANS, TRANSX 371E , IO=SLOBOn, MP= i. 


ATT ACM,PPN,ONUTNEPEN. 


REQUEST, plot, *0. 


UNOC. 


Piioauin 


REQUEST, TAPP10,*PF. 


COMBS. 


L0SET,«>ReSET  =  7EO0. 


LPSETjpRE SET=7EPP. 


riMI  \«n  « 

L0S£T,PRESET=7'^R0. 


I 

L0SET,P9ESET=ZER0. 


RFH1NO,TAFE9,TAPF28,TAPE29,TAPE10 ,TAPE11,TAPE13. 


■I  •  1  ^  K11  ■  iUi  I 


C0PTSflF,TAPE9. 


roPVS9F,TAPE9. 


'  iUiWiMtl 


COPYSBF,TAPE10. 


COP YSBF,TAPE13. 


JUNOO  OFRI00C=T,T,T,T,T  ? 


CONVERT  0VALAP=5.C8F-3,PA0S=3.61F-5,H1=1.27F-5,SINGLE=T,T,DLHHY=F,F  S 


i.oooooooEor 


miiiBiMiiiiM  aim 


l.OOO'1'’POEOf 


t.aoooaaoEQ 


1  .OCOOOOOFO'' 


1  .oooonooEO 


789789789789789789789789789789789789789789789789789789789789789789789789789; 


■  ■ i| 


jiMHiii’aij 


-1.143F-4 


-0.635E-4 


-0.127e-4 


0.381E-4 


3.5 


0. 889F-4 
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HO(N)  DECK  FOR  AN  IINAPPOOIZEO  COMR  WITH  11  GAPS 


-3  ItOOOOOOOFOO 


-1  l.OOOOOOQEOO 


1  l.OOOOOOOFOO 


3  l.OOOOOOOEPr 


5  l.OOOQOOOEQC 


769 7897897897 8S78<J7 8978 078 97897897807897897897897897897697897697897897897897 


I  nx  ^  f  nc  ixiur 

*FfiEO  FlNIT=Al.E6,FINr=,25E6,lFPFQ=77, IPRT =2 , ICOPY = 77$ 


1.015<2E15.8 ,2(12, 2F15.8) ,2(I1,2F1,  0) ) 


r  oi  in'!  r  Of  rofroft  Ofi  ofi  cffOf'OfftSfr  of  i  rf  ’  of  i  of  r  of  '  of  i  of  '  of  r  cf  r 
SPLTOAT  F7ERC=50.E8,nTV=l.E6$ 


'  Of  I  Of  r  Of  r 


SZllST  t(2J=.7E-6,  R(2)=1C.,  IPEP=2  $ 


*TRANS  1UNIT»13,11,  SCCPE=F,  GRAPH=T  $ 


ATT  ACM, C0H8S, COMBS 3AX3718fIO=noiAN»MR»l, 


$UROO  BETA0=5P. 82, 270*914, 82tPZEP0=32i, 1^6, hASIS=F,T,f,F,F  $ 


i  rg -%r KM 


APPENDIX  D 


Step  and  Repeat  Machine  Tape  Generation  Run  (with  Programs  HUGHES 
and  LETTER  and  with  a  physical  cape)  and  Data  Flow  Chart 


SLOgg. CHI  ftp  CO  0.140  O.TPl.NTl. _ 2586  SLOBODNIK  Dl 

WSN ,TAPT3g=HTPL0T,TAPE49=28HA81/HT. 

PAUSE.PL5  MOUNT  ON  9  TPACK  nPIUE. _ 

REaUEST,T4PE4q,NT,H0, S, ESiPINR.  (28H A«1/SL0900> 

REQUEST.TAPE3g.PlNG.  (WTPLOT) _ 

PAUSE.  PLS  TVPP  IN  NT  f'UMBER  OF  PLOT  TAPE 

ATT  ACH, CONNER T.C  ON VLRT2X3 716 >ID=SLOBODNIK,HP  =  l. _ 

ATT  ACH.HUGHES  tHUGHES2X3/16,r0=SLQ900NH(,HR  =  l. 

ATTACH.HUESCHK.HUESrHKX3716.  IO=SLOBCOMK . NR^l  . _ 

ATTACH,LETTER|LETTEPX3716,ia=SLOaoONIK,MR=l. 

COMNENT. _ .OoqOLS=OI,SSECCAON=HP,6173XlRFTSET,TOLPRT,H 

ATT ACH,PEN,OFFLINEPEN. 

LIBRARY. PEN. _ 

CON«ERT,PL=5flQOO. 

C0PT9R. INPUT. X. _ _ 

LET  TER.  X. 

L0SET.PRESET=ZE90. _ 

HUGHES,X,FL=50000. 

L0SET.PRESET  =  7ER0. _ 

HUESCHK. 

LOSET.PRESET=7ERO. _ _ 

COHHENT. 

PAUSE, NOTE  -  PLOT  TAPE  CONTAINS  HQRE  THAN  ONE  PLOT _ 

78R78978R78g7 897 897 8978 57 897 89789789789789789789 789789789789789789789789789 
28HA81  MW  OF  TW0FZT=14C  CSP.  USE  TO  GET  OELTERV  FOP  LTO  HOC, 
tCCNVERT  NCOHBS=l,  0VALAP=6 00 .OE-6 ,  PA0Ss5,dE-6,  H1=1,276E»6,  H2»1.^76£-6, 

nUHMYaF. F.F  t _ 

H0<N)  DECK  FOR  HH  OERIVEO  FROH  140  CSP  DELTERV=0.0,  HlsM2*1.276£-6 

-87  .10000000F*gi _ 

-86  .lOOOOOaOE^Ol 

-85  0. _ 

-84  -,lQOOOaaCE+01 

-83  0. _ 

-82  0. 

-81  -.1000000QE»01 _ 

-80  0. 

-79  0. _ 

-78  -.lOOOODOOFtOl 

-77  0. _ 

-76  0. 

-75  -.10000000E»01 _ 

-74  0. 

-73  0. _ 

-72  -. 10000UOOF>01 

-71  0. _ 

-70  0. 

-69  -.10000030E*01 _ 

-68  -.lOOOOOOOFtOl  ! 

-67  0. _  ' 

-66  0. 

-65  -.10000000E»01 
-64  -.icaoDDaoF>ai 
-63  -.10aQQ0a0£»01 
-62  0. 

-61  0. _ 

-60  -.10000000E«^ai 
-59  -.10QOfl0Q0E*Ql 
-58  -.lOOOOOUOEfOl 
-57  -.IflOOQOOOE^Ol 
-56  -.lOOOOOOOEtOl 
-55  -.10000000E*01 
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-.iununuiiot»u] 
-52  -.lOOOOOOOCtOl 
-51  -.iooaooooE»ai 
-50  -.1000a030E*01 
-45  -.10000000E»01 
-<•0  -.lOOOOOQOE^Ql 
-47  -.iaOOQOOOE*01 
-46  -.1000000CE»01 
-45  -.100a0030E*11 
-44  -.IQOOOQOOE^Ol 
-43  -.1Q000000E*01 
-42  -.100000a0E«^01 
-41  -.10000(}QOE*01 
-40  -.lOOOOOOOE^Ol 

-39  -.iflooooaaE*fli 

-30  -.10000000E»01 
-37  -.ioooooaoE*oi 
-36  -.10000a30E«01 
-35  -.iflaooaoaE*fli 
-34  -.iooaoaaoE4-oi 
-33  -.ioooooaoE*oi 
•32  -.lOOOOOOOE+Ol 
-31  -.1000000BE*fll 
-30  -.lOOOflOOOE^Ol 
-29  -.iOOOOOOOE*01 
•28  -.ioooaoooE>oi 

-27  -.10000000E»P1 
-26  0. 

-25  .1000000<1E*01 

-24  .lOOOOOaOE^ 01 
-23  .10000Q0OE*01 

-22  .10ao0090E«^01 

-21  .10000000E*01 

-20  .lOOOOOOOE^Ol 
-19  .lOOOOOOOE^Ol 
-10  .lOOOOOOOE+01 
-17  .100000a0E»01 

-16  .10000000E«ai 

-15  .10000000E*01 

-14  .10000000E401 

-13  .10000000E401 

-12  .lOOOOOIOE^ai 
-11  .10000000E*01 

-10  .10000000E«01 


.lOOOOOODEi’Ol 


['MlUJl 


tOOOOOOOE^Ol 


I'lll'IlllUU 


.IQOOOOOOE^Ol 
0l)OE401 


.lOOOOOOOEtOl 


.lOOOOOOOEi’Ol 


.lOOOOOOOE^Ol 
OOOOOE^Ol 


.loooooaoE^oi 

£♦0 


.lOOOOOOOEi’Ol 


10  .100000902*01 


11  .10000000E*01 
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Id  .iPooooaoEtpi 


15 

.loaaaojoE^oi 

16 

.IQOQOOOOE^Ol 

17 

18 

.loaoooooEdoi 

15 

20 

.1 oooaoiOE»oi 

21 

.loooQoaaF^oi 

22 

.lC000030£*ni 

21 

.iGaoooaoE>ai 

2d 

.loaooflooF*  01 

25 

.loooooioEdai 

26 

.lOOGOaOCE*''*! 

27 

0. 

28 

-.ioooooaoE*oi 

25 

-.loooaoJOEtri 

30 

>.10300000E«Q1 

31 

•.loooooaae^oi 

32  -.lOOOOOnDE+Pl 

33  -.lOOPOiaOE^Ol 


3d  •.iooooonaE«'Oi 

35  -.lOOOOOaOCdQl 

36  -.1000flaC3E*91 

37  -.10000aOJE*Ql 

38  •.laaocooc E*oi 
35  -.lOOOOOaaEdQl 
dO  -.10000000E»01 

di  -«iooooaaog*ai 
d2  -.10000010E»ai 
d3  -.icoaoaaaEtQi 
dd  -.lOOOOOOnEdOl 
d5  -.ICOOnOlOE*?! 
d6  -.loooooaaEf'Oi 
d7  -.iooooaaoE*qi 

d«  -.100e0000E»01 
dq  -.10000C0PE*01 

50  -.iooooaaoE+01 

51  -.iooDooaaE*oi 

52  -.10000000E*01 

53  -.lOOOOOaOEdtll 
5d  -.lOOOOOaOEdOl 

55  -.100000aOE»Ql 

56  -.lOOaOOOOEdOl 

57  -.ioooaaooE*gi 

58  -.lOQOOOaOE^Ol 
55  -.lOOOOOaOEtOl 

60  -.iaoQooooE»ai 

61  -.lOOPflOaOEdOl 

62  0. 

63  0. _ 

6d  -.10000000E*01 
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75  IE -03 


.3a0>»652VE-03 
,  3855692<»E-C3 


.39067325e-03 
9577725E-03 


.li06  0  0l>98E-03 
.  <»1623272E-03 


.lt2133672E-03 

.4264W72E-03 


. 43666846E-03 
-03 


.45200019E-03 

.46222793E-03 


.47245566E-03 
-03 


.48778739E-03 


79.5  .50311913E-03 


. 54406952E-03 
3_ 

.55940125E-03 


.59522791E-03 


. 67204440E-03 


789 7897897897897897897897897897897897 897897897897897 897897897e97897897a978« 
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HUGHES 


Printed 
Output  Sent 
to  Hughes 


TAPE50 


TAPE49 


Sent  to  I 
Hughes  af¬ 
ter  proces¬ 
sing  on  IBM 
equipment 


A 

/ 

SHUESCHK 

HUESCHK 

MASTER 

PLOTS 


260 


AI*I‘KN1)IX  K 


Sti-p  ami  Ri'poat  Maoliino  Tape  I'.eneratlou  Run  (using  no  physical  TA1’E49 
and  tiio  si'parati'  |)lot  tape  opt  ion)  and  Data  Plow  Ohart 
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2582 


ELTERMAN 


ELTER,CM16000  0,T35,TP1. 

ATTACH,TRPL0T,TRPL0TX3716,n=SL0  800  ,MR=1. 

ATTACH, HUGHES, HUGH ES2X3 716, I0=SL0n0n,MR=l, 
ATTACH,C0NVERT2X3716,ID=SL0q00,MR=l. 

ATT  ACH,HUESCHK,  HO  IN,  IO=ELTERHA  N,  MR=1 , 

ATT ACH,PEN,OFFLINEPEN. 

LIBRARY, PEN. 

VSN,TAPE39=WTPL0T. 

REQUEST,!  APE39,  RING. 

PAUSE.  PLS  TYPE  IN  WT  NUMBER  OF  PLOT  TAPE. 

LOS ET,PRFSET= ZERO. 

CONVERT. 

LOSET,PRESET=ZERO. 

HUGHES. 

LOS ET,PRESET=ZERO. 

HUESCHK. 

REWIND, TAPE49. 

REWIND, TAPE50 . 

UNLOAD, TAPE39. 

PAUSE.  PLS  MOUNT  A  DIFFERENT  WTPLOT  WORK  TAPE,  TYPE  IN  WT  NUMBER.  THANKS. 
VSN,TAP£39=HTPL0T. 

REQUEST, TAPE39,RING. 

LOSET,PRESET=ZERO. 

HUE SCHK. 

UNLOAD, TAPE39. 

PAUSE.  PLS  MOUNT  A  THIRD  WTPLOT  WORK  TAPE,  TYPE  IN  WT  NUMBER.  THANKS  LOT 
V^  ,TJIP£3  9s  WT  PL  OT  . 

REQUEST, TAPE39, RING. 

LOSET, PRESETS  ZERO. 

TRPLOT. 

7 89 7897897897  897897 8978 97 8978978978 9789789789 789  789  789  789  78978976978 978978*; 
JCONVERT  OVALAP=10.16E-7,PAOS=1.016E-3, Wls,254E-T, 

W2=.254E-3,W3=1.016E-3, singles! ,T,nUMMY=F,F  i 
FOUR  FINGER  UNAPO0I7E0  XOUCER. 

>1  l.OOOOOOGEOO 
0  1.0000300E00 

1  l.(LaOOOOOEOO  .  -- 

789  789  789  7897  8978976978  97  8978976978  97  69789  789  78g7897897eg7d?7697397og7697'<<: 
7-897897897^97  897897  8976  97  897  897697  a  97897897897897897  897  897  897  89  789  7  89769  7  8'-. 
SIX  FINGER  UNAPAOIZcO  TRANSOJCEP 
-1  l.OOOOOOOEOO 
0  i.oooGoaoEor 

1  i.ooooooaEoo 

2  l.OCOOQOPErC 

3  l.OOOOOOOEOO 

78978978978978978978978978973970976976978978978973976978973976978976976976 

78978978978978978978978978973978978976978978978978978976978978976978978^76* 

TESTOl 

tHUGHES  MASTERsI  . , PA02  PA  0=4 . 064E-3  ,PAOWI  0=5.  .T8E-3, 

RET=11.176E-3,  KEARNS=T  ? 

73978978978978978978978978978978978978978978978978978978978978978978976976* 
ELTERMAN  K=  1  ABC 

JHUESCHK  KPIK=1,  MAG=2.  $ 

78978978978978978978978978978978978978978978978978978978978978976978976976' 
ELTERMAN  K=2  ABC 

SMUESCHK  KPIK=2,  MAG=2.  S 

78978978978978978978978978978978978978973978978978978978978978976970978976' 
ELTERMAN  TRPLOT  TEST 

678 967896 7896 78967896 78 96 78967896 78 96 7896 7 8 9678 96 78 9 678 96739 67896 73 P6789b7< 
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APPENDIX  F 


CONVERTXY,  HUGHESXY  Run  (using  physical  TAPE49)  and  Data  Flow  Chart 
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COLVIN 


COL  VH.CH2  550  0  0.T6Q.TP1,NT1. 

RE0UEST,TAPE4a,*PF. 

REQUEST. TaPE5Q>PF. _  _  _ 

VSN,TaPE39=WTPL0T,TAPF.4<?=2‘;N071/MT.  .  TN/1  7ES 1 0*  04EPA 

PAJSE.PLS  MOUNT  9  TRACK  DRIVE. _ 

REQUEST, TAPE49, NT ,HO,S,EB,RING.  J25N071 /COL VIN) 

REQUEST.TAPETR.RING. _ _ _ iTNj 

PAJSE.  PLS  TYPE  IN  WT  NUMPER  CF  PLOT  TAPE  .TNi 

ATTACH. CONVERT. CONVXYBIN.  in=ELTE R ^A_N,jtP^. _ 

ATT ACH,TRPLOT,TPPLOT,in=COLVIN,MR=l. 

ATTACH. HUGHES. HUCHESXY.IO=COLVIN.HR=1. _ 

ATT ACH,H0ESCHK,HCH£CKBIA,I0=6LTERMAN,MR=£. 

ATT  ACH. PEN. OFFLINE  PEN. _ 

library, PEN. 

COHHENT. _ _ _ .  Q*i93EPAT.TS^ 

CONVERT. 

L0SET.PRESET  =  ZEPQ. _ 

HUGHES. 

REWIND. TAPE48. _ 

REWIND, TAPE50. 

CATAL0G.TAPE4a.TAPE49.in=C0LVIN.NP=l. _ 

CATALOG,TAPE50,TAPESO,ID=COLVIN,MR=1. 

LOSET.PRESET=ZERO. _ 

HUESCHK. 

L OS ET. PRESETS  ZERO. _ 

TPPtOT. 

PAJSE. NOTE  -  PLOT  TAPE  CONTAINS  TWO  (2)  PLOTS. _ 

789 789789 789789789 7 8978 oTaSTSCZeETdOZ 897 897897897897697897897897897897 89789: 

25N071  449/532  HHZ  TRANSDUCERS  SIDE  SY  SIDE _ 

JCONVERT  OVALAP=332.0E-06,332.0E-6,Wls 1.02E-6, 0 . 80E-6,OUHMYs F, F , 

SIKGLEgT.T.CODEsF.F.PAOS=.10£-6..10E-6.NCOH9S=2  8 _ 

270E71  MULTISTRIP  COUPLER  (1/4  HAVE) 

-80  .lOOOOOQOE^Ol 
-79  .10000000E»01 

-78  .10000000E»01 

-77  .10000000E*01 

-76  .10000000E*01 

^75  ,10000080E+01 

-74  .100000flOE»01 

-73  .lOOOOOOOE+01 
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-71  .10000100E*01 

-70  .10Q00000E»Q1 
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-58  .10000030E»01 
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-56  .lOOOOOOOEtOl 
-55  .lOOOOOOOE+01 
-54  .lOOOOaOOE^Ol 
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-52  .lOOOOOOOF^Ol 
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-51 
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.100000002401 
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.100000002401 
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13  .lOOQOOOOE^Ol 

14  .lOOOOOOOE^Ol 


15 

.loooooooE^ni 

16 

•lOOOOOOOE+Ol 

17 

.inooooooF^oi 

16 

.lOOOOOOOE^^Ol 

19 

.lOOOOOQOE^Ql 

20 

.10000030E4’01 

21 

.10000000E«01 

22 

23 

.lOOOOQOOE+Ql 

24 

.IQOQCOOOEf'Ol 

25 

.lOOOOOaOE^Ql 

26 

.10000030E»01 

1  27 

.looaooooE^oi 

i  28 

.10Q00030E>01 
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30 
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32 
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-6 
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.lOOOOOOOE^Ol 

14 
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IX  G 
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PliRGe,A,TAPE4  9f  ,ID  =  COLVIN. 

_ 

VSN ,TAPE39=MTPL0T,T»PEuqs21FE7l/NT. 

PAUSE. PLS  MOUNT  ON  9  TRACK  9IVF. _ 

PEQUEST,TAPE49|NT ,HC,S,E9,RING.  (21FE>1 /COLVIN) 

REIUEST.T APESq.RING. _ 

REQUEST,TAPE98,*PF. 

PAUSE.  PLS  TYPF  IN  WT  MUMPER  OF  PLOT  T A P^ _ 

ATT  ACM, CONVERT, CONVERT, rO=COL VIN, NR  =  1 , 

ATT  ACH, ELECT RO.FLECTROC.in=f:OLV IN, HP=1. _ 

ATTACH, EL  CHECK, ELCHFOK, IO  =  COLVIN, MP=i. 

ATTACH.TRFLOT  .TPPLOT, IO=COLVIN.HR=l. _ 

ATTACH,PEN,OFFLINEPEN. 

LiaRART.PEN. _ _ _ _ _ 

CONVERT. 

^).ECTP0. _ 

RE>«INn,TAPFi,8. 

CAT  ALOG.TAPELa.TAPELqo. in=COLVIN. HRal . _ 

LOSET.RRESETsZERO. 

ELCHECK. _ 

COS ET,  PRESET*  ZERO. 

PAUSE. NOTE  -  PLOT  TAPE  CONTAINS  TWO  <2)  PLOTS. _ 

TRPLOT. 

7897897897897 897 897697697 897 897897897697 89769 769 789 7697e97897897697897e9769( 
21FE71  SECOND  HARMONIC  TRANSDUCER  414  MHZ  BANDWIDTH  360-468  HHZ 
SCCNVERT  OVALApgl31.QF-06,Wlg2.08E-06.NCOMBSgl.  DUHMYsF.F , SINGLEsT, T, 

COOEsF,F  f 

21FE71  SECOND  HARMONIC  TRANSOUCER  414  MHZ  BANDWIDTH  360-468  HHZ _ 

-2  .lOOOOOlOEtOl 

-1  .1000D090E701 _ _ 

0  .iooooaooE»oi 

1  .lOOODOOOE+01 _ 

2  .lOtJOOOOOETOl 

7697897897897897897897897897697897897897897697697897697897897897897897897891 

789789789789789789789789789789789789789789769769769789769789789769789789789; 

21FE71  SECOND  HARMONIC  TRANSOUCER  414  HHZ  BANDWIDTH  360-468  MHZ _ 

IELECTRO  NETRIC=T ,P0SITIV*T  J 

789769789789789789769789789789789789789769789789789789789769769789789769769? 
COLVIN.  WT  HAS  ANOTHER  PLOT 

tELCHECK  t _ 

7897897897897897897897897897897897897 89789789769789769789789789789789769789; 
COLVIN.  WT  HAS  ANOTHER  PLOT 


678  967896  789678967896769678967896789678967696769676967896789678967896789678'. 
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Output 
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TAPE28  1  TAPE29 


- TT 

( 

SELECTRO 

ELECTRO 

1  TAPTTQ 

i/\rEi7 

) 

XIVX 

Printed  Out¬ 
put  sent  to 
Sperrv  Univai 


May  be  Savei 
and  used  by 
Program 
ELCHECKTEK 


TAPE48 


/ 

A 

^  TAPE49 

J 

Sent  to 


Sperrv 


univac 


/ 

$ELCHECK 

u 

ELCHECK 

Master 

Plots 
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APPENDIX  H 


CONVERTXY,  ELECTROXY  Run  (using  physical  TAPE49)  and 
Data  Flow  Chart. 
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COL  VS.T60.CMgS50QO.TPl.NTl. _ gTJU _ CSLVI 

PWGE,A,TAPE49S,I0=C0LVIN. 

Exn(U) _ 

VS9  ,TAPE39=HTPt.0T  ,T  APE4g=280E71/NT. 

PAUSE. PLS  HOUNT  ON  9  TPACK  DRIVE. _ 

REQUEST,TAPE49,NT,H0,S,EB,RING.  (280E71/C0L VIN) 

REQUEST. TAPE  39.  RING. _ _ _ 

REQUEST, TAPE4«,*PF. 

PAUSE.  PLS  TYPE  IN  WT  NUMBER  OF  PLOT  TAPE. _ 

ATT  ACM, CONVERT, CONVXYBIN, ID=ELT£RMA N, HR=1, 

ATTACH. EL ECTRO.ELECTROXYBIN. ID=EtTEPMAN.Mff=l . _ 

ATT ACH, EL  CHECK, ELCHECK, IO  =  COLVIN,  MR=1. 

ATT ACH.TRFLOT .TRPLOT. I0=C0LV IN.HR=1. _ 

ATT ACH,PEN,OFFLINEPEN. 

LIBRARY. PEN. _ 

CONVERT. 

ELECTRO. _ 

REHIN0,TAPE4e. 

CArAL0G.TAPE48.TAPE4aS.IP=C0LVIN,HRgl. _ 

LOSET.PRE SET=ZERO. 

ELCHECK. _ 

L0SET,PRESET  =  7ER0, 

PAUSE. NOTE  -  PLOT  TAPE  CONTAINS  TWO  <?)  PLOTS. _ 

TRPLOT. 

789789789769769769789769769789789769789789789789789789789769769769789769789; 
ELTERMAN  CONVERT  TITLE  CARO 

SeONVERT  NC0Hg5g4.0VALAPa.7F-3, .7£-Sf.r€-3f.3€~S, _ 

PAOSs.lE-3, .lE-3, .IE-3,. 2E-3,0UHMY=T,F, F,F, SIN GLE=F,T,F,T, 

ma.5E-5.1.42E-6..2E-9..2E-5. _ 

M2=,5E-5,.aE-5,.2E-5,,2E-5,  REVERSE=F,F,F,T, 

NMIND=50  0.  5  0  0.  10.  10.NHAXO=5  0.5  00,1D.10  8 _ 

HON  TITLE  CARO 

-6  .60000000E-01 _ 

-5  .14162831E»00 

-4  .31000000E*Og _ 

-3  .54000aaOE«00 

-2  .77000000E*00 _ 

-1  .93837169E*00 

0  .lOQOOOOOEtOl _ 

1  .93037169E«00 

2  .77000000E*00 _ ^ _ 

3  .54000000E«00 

4  .SiOOOOOOEtOO _ 

5  .14162831E»00 

6  .80I100000E-01 _ 

7897697897897897897897897897897897897897897697897897897897897897897697697897 
769789789769769769769789769769769769789789769769789789789789789789789769 7697 
7897897897897897897897897897897897897897897897897897897897897897897897 897897 
ACT  OF  N  TITLE  CARO _ 

-1.5  -.42630700E-05  .14180000E-05 

-.5  -. 14225350E-05  .14225350E-05 _ 

.5  . 14270700E-05  .14270700E-05 

1.5  .42857450E-65  . 1431 6050E-05 _ 

2.5  .71534900E-C5  .14361400E-Q5 

3.5  .100303Q5E-04  .14406750E-05 _ 

4.5  .12916190E-04  . 14452100E-05 

5.5  .15B11145E-04  .14497450E-05 _ 

8.5  .18715170E-04  .14542800 E-05 

7.5  .21626265E-04  . 14588150E-95 

sTs  .24550430E-04  .14633500E-05  275 

9.5  . 27481665E-04  .1 467885 OE-05 


10.5 

.30421970E-04 

.147242006-05 

11.5 

12.5 

.  363297905-04 

.148149006-05 

13.5 

.392977056-04 

.148602506-0*= 

14.5 

.42273890E-04 

.149056006-05 

15.5 

.  45259545E-04 

.149509506-05 

16.5 

.48254270E-04 

.149963006-05 

17.5 

18.  5 

.  542709702-04 

.150870006-05 

19.5 

.57292865E-04 

.  151323506-05 

20.5 

.60323fl70E-fl4 

.151777006-05 

21.5 

.152230506-05 

22.5 

.664130906-04 

.152684006-05 

23.5 

.69471305E-C4 

.153137506-05 

24.5 

.  7253  85906-04 

.153591006-05 

25.5 

. 756149456-04 

.  1540  44506-05 

26.5 

.787003706-04 

.154498006-05 

2  7.  5 

.  817948656-04 

.154951506-05 

28.5 

.848984706-04 

.155405006-05 

29.5 

.880110656-04 

.155858506-05 

.  911327706-04 

.156312006-05 

■■■ms 

.942635456-04 

,156765506-05 

32.5 

,974033906-04 

.157219006-05 

_ 33.5 

.157672506-05 

. 103710296-03 

.158126006-05 

35,5 

.106877356-03 

.158579506-05 

3  6.  5 

,  110053476-03 

.159033006-05 

37.5 

. 113238666-03 

.159486506-05 

■■■■Si 

.116432936-03 

.159940006-05 

,119636266-03 

.160393506-05 

40.5 

. 122848676-03 

.160847006-05 

41.5 

.126070146-03 

.161300506-05 

42.5 

.129300696-03 

.161754006-05 

43.5 

. 132540706-03 

.1622375CE-05 

44,5 

.135788996-03 

.162661006-05 

45.5 

46.5 

.142313576-03 

.163568006-05 

4  7.5 

.145589466-03 

.164021506-05 

48.5 

.  148874436-03 

.164475006-05 

49.5 

. 152168466-03 

.164928506-05 

50.5 

.155471576-03 

.165382006-05 

_ 51.5 

.162104996-03 

.  166289006-05 

53.5 

.165435306-03 

.166742506-05 

54.5 

.  168774696-03 

.167196006-05 

55.5 

.172123146-03 

.167649506-05 

56.5 

,175400676-03 

.168103006-05 

57.5 

. 178847266-03 

.168556506-05 

58.5 

. 182222936-03 

.169010006-05 

59.5 

.185607666-03 

.169463506-05 

60.5 

.189001476-03 

.169917006-05 

61.5 

. 192404346-03 

.170370506-05 

52.5 

.1958x6  296-03 

.170824006-05 

63.5 

64.5 

. 202667396-03 

.171731006-05 

65.5 

.206106546-03 

.172184506-05 

6  6.5 

. 209554776-03 

.172638006-05 

67.5 

.1730  91506-05 

66.5 

,216478436-03 

.173545006-05 

69.5 

70.5 

.223438376-03 

.174452006-85 

71.5 

.174905506-05 _ 

72,5 

. 230434596-03 

.175359006-05 

73.5 

.175812506-05 

277 

74.5 

.237467096-03 

.176266006-05 

^5.5  .240qq694E-03  .1767iq50E-09 


re, 5 

.24453587E-03 

.177173006-05 

V  7  7.5 

.24808386E-03 

.177626506-05 

7«.5 

.  251640 93E-03 

.178080006-05 

79.5 

.255207Q6E-03 

. 176533506-05 

'  60.5 

.25878227E-03 

.178987006-05 

Si. 5 

. 26236654E-03 

.179440506-05 

82.5 

.26595989E-03 

.179894006-05 

'  83.5 

. 2695623QE-03 

.180347506-05 

8«i.5 

. 27317379E-03 

.180801006-05 

85.5 

. 2767943 4E-03 

.181254506-05 

86.5 

.  2804239 7E-03 

.181708006-05 

87.5 

.  284062666-03 

.182161506-05 

88.5 

.287710436-03 

.182615006-05 

89.5 

.29136726E-03 

.183068506-05 

9  0.5 

.  29503317E-03 

.183522006-05 

91.5 

.298708146-03 

.183975506-05 

92.5 

. 302392196-03 

.184429006-05 

93.5 

.3060  85306-03 

.184882506-05 

94.5 

.309787496-03 

.185336006-05 

95.5 

. 313496746-03 

.185769506-05 

9  6.5 

.317219076-03 

.186243006-05 

97.5 

. 320948466-03 

.186696506-05 

98.5 

. 324686936-03 

.187150006-05 

99.5 

.328434466-03 

.187603506-05 

10  0.5 

.332191076-03 

.188057006-05 

.  335956746-03 

.188510506-05 

10  2.5 

.339731496-03 

.188964006-05 

103.5 

.343515306-03 

.189417506-05 

10  4.5 

. 347308196-03 

.189871006-05 

10  5.5 

. 351110146-03 

.190324506-05 

106.5 

.354921176-03 

.190778006-05 

10  7.5 

.358741266-03 

.191231506-05 

106.5 

.362570436-03 

.191685006-05 

109.5 

. 366406666-03 

.192138506-05 

110.5 

.370255976-03 

.192592006-05 

.374112346-03 

.193045506-05 

112.5 

.377977796-03 

.193499006-05 

113.5 

. 361852306-03 

.193952506-05 

114.5 

.385735896-03 

.194406006-05 

115.5 

.389628546-03 

.194859506-05 

116.5 

.393530276-03 

.195313006-05 

117.5 

.397441066-03 

.195766506-05 

116.5 

.401360936-03 

.196220006-05 

119.5 

. 405289866-03 

.196673506-05 

120.5 

.409227876-03 

.197127006-05 

121.5 

.413174946-03 

.197580506-05 

12  2.5 

.417131096-03 

.198034006-05 

■iimiMMii  — 

124.5 

.425070596-03 

.19894ia0F-05 

125.5 

.42905394E-03 

.199394506-05 

126.5 

<  433046376-03 

.199848006-05 

12  7.5 

.437047866-03 

.200301506-05 

128.5 

.441058436-03 

,200755006-05 

. 445078066-03 

.201208506-05 

130.5 

.449106776-03 

.201662006-05 

131.5 

.453144546-03 

.202115506-06 

132.5 

.457191396-03 

,202569006-05 

. 461247306-03 

.20  3022506-05 

134.5 

.465312296-03 

.203476006-05 

■iiiiiiimiii— 

136.5 

.473469476-03 

.204383006-05 

_  137.5 

.477561666-03 

.204836506-05 

138.5 

.461662936-03 

.205290006-05 

■iiiHiiiimi— 
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140.5 

.489892676-03 

,206197006-05 

141.5 

.494021146-03 

.206650506-05 

142.5 

.49815869E-C3 

.207104066-05 

14  4.5 

.  506460 99E-C3 

.2Q80110GE-05 

J 

1 

146.5 

.514799576-03 

.208918006-05 

14  7.5 

wtiuiijsitafka 

.239371505-05 

14  8.5 

.52317443E-03 

.209825005-05 

149.5 

. S2737546r-r3 

.210278506-05 

150.  E 

.  53158557E-03 

.2107320rE-05 

151.5 

.21118550E-05 

15  2.5 

. 54003299E-03 

.21163900E-05 

.  5442  70  3  0^-0  3 

.212092505-06 

15  4.5 

.548516695-03 

.21254600E-05 

155.5 

.  552772145-03 

.2129995CE-05 

15  6.  5 

.5570  36675-03 

.213453006-0? 

157.5 

.561310265-03 

.213906505-05 

158.5 

. 56559293i-03 

.21436300E-65 

. 569884665-03 

.214813506-0? 

16  0.5 

. 574185475-03 

.215267005-05 

161.5 

. 578495345-03 

.2157205CE-05 

162.5 

.582814295-03 

.216174005-05 

16  3.5 

.587142305-03 

.21662750E-05 

16  4.5 

.  591479395-03 

.eiroaidcE-o? 

.  595825545-03 

.?175345te-05 

166.5 

.600180^75-03 

.21 7968006-05 

16  7.5 

• 60454506F*03 

.218441506-05 

168.5 

.60891843E-P3 

.218S9500E-05 

169.5 

.61330C86C-03 

.2193485CE-0E 

170.  5 

.  617692375-03 

.21980200E-0? 

.220255505-05 

172,5 

.626502595-03 

.220709005-05 

173.5 

.630921306-03 

.221162505-06 

174.5 

.  63534909E-03 

,221616005-05 

175.5 

.  63978594=--C3 

.222069505-05 

176.5 

.  644231875-43 

.222523005-05 

177.5 

.64  86  86  865-05 

.222976505-05 

178.5 

.653150935-03 

.223433005-05 

179.5 

.657624065-03 

.223883505-05 

18  0.5 

. 662106275-03 

.224337005-0? 

181.5 

.  666597545-03 

.224->'9050P-05 

18  2.5 

. 67109789E-03 

.225244005-05 

183.5 

.  67560730E-03 

.225697505-05 

18  4.5 

. 680125795-03 

.226151005-05 

185.5 

,684653345-03 

.226604505-95 

186.5 

.689189976-03 

.227058005-05 

18  7,5 

.  693735665-03 

.227511505-0? 

18  8.5 

. 698290435-03 

.227965005-05 

189.5 

.228418505-05 

19  0.5 

.  707427175-03 

.228872005-05 

191.5 

. 71200914E-03 

.229725505-05 

192.5 

. 71660019E-03 

.229779005-05 

193,5 

. 72120030E-03 

.230232505-05 

19  4.5 

. 725809495-03 

.230686005-0? 

195.5 

.73042774E-03 

.271139505-05 

19  6.5 

. 73505507E-03 

.231593005-05 

197.5 

.232046505-05 

198.5 

. 74433693E-03 

.232500005-05 

7897897897897897897897897897897897897897897697697897897897897897697897897897 

7897897997897897897897897897897697897897897897997897897897897897897897897895 


789 789789 7897 a97897697697897897697897997897897897897897e97897a97B97897897a9~ 
7897897897997897897897897897897697897897897897897897897897897897897897897897 
7897897697897897897897697897897897897897897697697897897697697697697897697897 
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APPENDIX  I 


SAWPLOTS  Run  Deck  and  Data  Flow  Chart 


PLTER,C*<6500  0,T^0!’,  'THrA. 


2582  ELTEKMAN 


EnT(ii) 


M'lmAik 


ATT ACH,3, DIFF,in=£LTEPHAN ,m9=1. 


LOAO(A) 


IBiMM  Alll 


EXECUTE, 


7 857857 ftPTAOT  807  Aq? 83  785785 7  83Te.q7607  697  397 897 897897  897897 897  897  897  897  897 897 


t  I  X  I  Lr  L.H  r  u  ft  r  ■  i  'N»'U  I 

SINPHT  FZeR0=74r.Ee,EFSTPP=47.9,  0 Vn VA V=. 1 8 33,  VS=3230. ,GAMMA=-. 211 , 


PHYSICAL  yPUCFP  FS-0r3  ?  USE  FZEP0=344MHZ 


-66  .22608 


-64  ,  23060 


-62  .23372 


-60  . 24955 


-53  .76354 


-56  .27973 


-54  .25915 


■52  .32040 


-50  .34T36 


•43  .36953 


-46  .39711 


-44  .42644 


-42  .45758 


•40  ,45007 


'  -38  .5  235  2 


•36  .55366 


-18  .86146 


-16  .86809 


-14  .91291 


-12  .97457 


-10  .95307 


-8  .96931 


.98195 


99097 


-2  .99729 


0  1.00000 


2  .99910 


,99458 


6  .98691 


8  ,97608 


10  .96164 


12  .94404 


14  .92419 


16  .90072 


18  .8750 


20  .8  4747 


22  .81724 


24  ,78610 


26  .75226 


28  .71796 


- 29- 

•  .70981 - 

30 

.68321 

31 

■  1  1111 

32 

.64711 

■  1  1  t  1  1 

34 

.61191 
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36 

.57626 

Sr 

•  4  56 A6 

38 

. 54106 

■■  "39 

■.9239’2 

40 

,50677 

41 

,49907 - 

42 

.4  7383 

264 

43 

■  1  1  li  1 

44 

.44179 

-2ii  .i  000  0  ijl0e.*ri 


-22  •lOr'^c  TT'- E  +  '^l 


-20  . 1  000  1 OOTFtOl 


-Ifl  .ICOOO  0"'’E  +  P1 


. lOOOP  OOlE  +  ni 


-14  .laaooMiF+oi 


12  .10000 OOOE^ni 


-10  .100000  jaF+'’i 


.lOOf^OOlPE+Ol 


.lOOOCOME+Ol 


.10000on"E+Cl 


,1  0100  00  U>11 


.1000  0il)OE*01 


0  I  V  V  v  X 

2  ,1000C010E+ni 


10  ,13000  loac+ni 


12  .10000030E+ri 
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78q78‘»7897897 807807  897887897 897807 09'^  ?97  897 aq  7897897 697 £97897897697«07fc'J7H97 


eCTERMAN  fFREO  TITLE  r«Rn 


789 789789 7097 097 097 8976 97 897 8978978 97 89789789 789 7897 897 89 7 89 7697 89 78 97 69 7a 97 


Li:4«Aif’l 


( I  r  ccK</=  I  oq  •  c  f  , 

7897897897097097897897697897097097897897897897897897897697697697897897897897 


LIBBARr,PEN. 


DISPOSE, TAPETO, ’LL. 


UF,  • 

ATTACH, SIM, STMPLOTS. 


,q  An  ,  A  r  H  • 

ATT ACH,GR,GRAF,IO=SLO0OC,MP=l. 


$INPUT 


SAWPLOTS 


Printed 

Output 
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APPENDIX  J 


RATIO  Run  Deck  and  Data  Flow  Chart 


288 


14' 


[iviinfisf 


2582 


gLTEPMAN 


LTE9.CH75( _ _ _ 

ATTACH, CONVERT, convert, ID  =  C0L VIK, MRri . 

ATTACH.RATIQ.RATIO?IN.IO=Et.TERHAN  P= 

CONVERT. 

RATIO. _ _ 

789  78978q7897B97a<37  8976a7«07  8g7eq78O7eg7  897fi<?7897897fl978g7  897e9789769789  7697 

26AU71  SSB  MIXFP  TRAMSDOCEP  828  HHZ  9ANDH1DTH  720-936  NH? _ 

tCCNVERT  OUHMV=T,F,9INGLF=P,T  f 

26At;71  SSB  HTXER  TRAH$0UC£P  MH  Z  B  ANON  I  720-93  6  MHZ _ 

-3  .10000000E*01 

-2  .ICOOO  J30£»qi _ _  __  _ _ 

-1  .100000j0f>01 

0  .lC00Pa3DE»31 _ 

1  .IDOQOOOOf^Ol 

2  .13000  J0'>E»01 _ _ _  _ _ 

3  .looooaooE+ni  . . -  -  - 

7897897897897897997897897897897697397 897897897897897897897897897897897 B97B9< 
789789789789789789789789789789789789789789789789789789789789789789789789789; 

28AU71  SSB  MTXER  TP ANSOlJC‘=’R  828  HHZ  9AN0VI0TH  720-9T6  MHZ _ 

-3  .lOOOOaiOE+Ql 

-2  .10000030C*01 _ _ _ _ _ 

-1  .lOOOOOOOE^Ol 

0  .100QOOOOE»C1 _ _  _  _  _ _ _ _ 

1  .lOQOGQOOE^Ol 

2  .1C000J03E*01 _ 

3  .10000000E*01 

789  7897897897  897897897897897  897897897  897  697897  897897897897  897  897  897897  89789'. 
789  7897897897  897 897 8978 97897 897897697 89789789789789789 789789 789789789789789 

THIS  IS  A  REAL  LIVE  TO  TITLE  CARE _ 

JRATIOS 

678 967896 7896 7896789678 96789 67896789678987 8967B9678967a9678967B967a96769676' 
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APPENDIX  K 


Program  Listings  Dealing  with  Acoustic  Prism  Studies 


{ 


PRC6R«M  TABLE! INPUT, CtITPUT) _ 


OINENSION  BETAO(201) ,PHIOC201) ,PLTI0(3> 

DATA  PL  TID/3BHSZABO  ?i3683  PROJECT  TILT _ 

N  AMELlTt  ■  /O^ TOUR/  PH  I ,  MHA  ,  DVOVA  V  ,  EP  S  ,I  TM  AX  ,  t  ER  ,  BET  A 


PRCGRAH  TILT 

THI5  PRCGRAH  COMPUTES  THE  PRISM  ANGLE _ 


REQLIREC  FOR  A  METAL  PRIS^  TC  TILT  A  SURFACE  ACOUSTIC 
HAVE  A?  A  FUNCTION  CF  A  GIVEN  ANGLE _ 


INCLUDING  THE  EFFECT  CF  ANISOTROPY 


GAMMA=.378  _  _ 


EPS=l.E-6 

ITMAXslOO  _ 


OVOVAVs. 00538 
NPTSS2C1 


ELS. 5 

PE  AC  CETOUR 


PRINT  DETOUR 


PRINT  95,GAMMA,DVOVAV,EL 

99  F0RMAT(*lGAMMAs*,F6.4,5X*0V0VAVs*F8.  7, 5X*L=*F5. 2  , 


//•  PHI(CEG)*4X*eETA(DEG)*6X*M(MH)*/) 
no  100  Krl.NPTS 


PHIC(K>a(K-l>/10. 

PHlsPHIC(K)». 01745329252  _  _ _ 


CALL  TILT(PHI,GAMMA,DVOVAV,EPS,ITMAX,IER,BETA) 
BFT AO (K)=8ETA*57. 2957 7951 


Hs2.*EL/TAN(9ETA) 

LOC  PRINT  101,PHIO(K> .BETAOIK)  .W  _ 


LOl  FCRNATfF9.3,5X,F8.3,5X,F9.3) 

CALL  PLTI03(PLTID.1P0..12. .1.) _ 

CALL  COPLOT<PLTIO,PHO,BETAD7nPTS,9HPHI  fOEG)  ,9,10HBETA  (OEG 

i,a) 


END 


RITY  DETAILS  DIAGNOSIS  OF  FRCBLEM  _  _ _ 


_  SZABO  X  HCLLEPITH  CONSTANT  ,GT,  10  CHARACTERS,  EXCESS  CHARACTERS 

43  Ct  25  FIELD  NIOTh' OF  A  CONVERSION  OESCrtlFTOR  SHOULD  BE  Aii  L 


o  o  u  ulu  uk>  ole  o 


r 

C 


C 

c 


jUB  SOUTINE  TIjJ  (PHI  t  G  AHHA ,  DVQVAV,  gPS  »ITHAX  ,TEP  ,  BET  A) _ 

THIS  SOtllNE  COIKPUTES  THE  PPISM  ANGLE  REOtIPEC 

FOR  A  METAL  PRISM  JC  Tltt  A  SURFACE  HAVE  BY  A  GIVEN  ANGLE. 


PHI  s  OESIREP  TILT  AKGLE  (RADIANS). 

CCNSTANT. 

*  Desired  accukacyt - 

ITPAJt 


_maximum  number  of  iterations. 


BETA  *  PPISM  (RASE)  ANGLE  (RADIANS). 

.£VCVA%  =  (V0«)(H)/vgy  LHFRF  VO  a  NAVE  VELOCITY  ON  XTAL. 

VM  a  WAVE  VELOCITY  OK  METAL  PRISM. 

- IEP_£_MIU^^  ERR  OR  INDICATOR,  lER  =  0  FCR  NO  ERROR, 

a  0  NO  CONVERGENCE. 


REAL  K1,K2 

_IF(PHI.EQ.O.)Cfi  TO  nn 
THETA2sPHI/(1,4GAHHA) 
SlNT2aSlN(THF T  A  2) 
COST2sCCS(ThETA2) 
GAMMA2aGAMHA/2. 
V2al,4GAMMA2*THETA2>tHETA2~ 
K2al.»PVOVAV 


Kla2./K2  - 

_THETAlaOVOVAV»STNT? /  (  (FI -I , ) « V2-C OST 2 ) 


DO  IOC  ITal.TTMAX 


Vlai,4GAMMA2*THEtAi»TFEfAl 
_COSTlaCCS(THFTAl) 
SlNTl»SIN(THETAi)  ‘ ‘ 

CSCTlal./SINTl 


COTTlaCOSTl*C‘SCfl 

GT1sGAMMA*THETA1 


Fa(Kl*COSTi-Vl)*V2-  ( C  (3ST  24  ( COT  T 1  Hrr»Vl»CSCTiT»SlNT2)  »V1 


,EPRIMEa-(Kl»STN_Tl4GTl)*V2-(COST2»(COTTl-K24vi4CS(m)  4SlMT?i*rT. 
♦  (CSCTl.K2MVl*C0TTl4GTT)  M(rSCTl*SINT2*Vl  ^ 

_TMFHxTHETA1«F/FPRTME 


IF  (APS( (THETAl-fNEH) /THETAl) .LE.EPS) GO  TO  1C 5 
100  THETAlaTMEW 

lEP^l .  ■  '  - 

_GC  TO  107 


10?  lEPsO 

thetai*tneh 


107  CSCTlsl ./SIN (THETAl) 
COTTlaCCS(THETAll*CSCTl 

VI  *  i  ;?€  ammA2  •thet  ai  *thet  a  1 
BgTA«ATAN<COTTl-K2*Vi*CSCTl) 

rITWn  - 

_11C  BETAS?.  14,l?926?i»/2. 

END 


fi  — - FTMTTeW? 

H fG AHH A f  OVO V A V , gPS  tITHAX  ,TEP ,BgT A) _ 

?TES  THE  «?ISM  ANGLE  REOUPEC 

TC  TILT  A  SURFACE  HAVE  BY  A  GIVEN  ANGLE. 

FiLT  AAGLE  (RADIANS)  . 
p  CCNSTANT. 

arcuRACTT 

WHRER  OF  ITPRATTONS. 
i5»E)  ANGLE  (RAOTANSJ. 

Bt  WERE  V*1  =  NAVE  VELOCITY  ON  XTAL. _ 

VF  =  mAvE  VELCCI'TY  ok  metal  PRISM. 
ERROR  INDICATOR,  lER  =  C  FCK  NO  ERROR, 

s  C  NO  CONVERGENCE. 


d7/lA/78  C9. 46.16 


2*THEtA2 


E/f (Kl-l.»*V2-COST2l 


l*TREfAl 


-(CbSt2MC0fTl-K2*Vl*CSCTl)*SINT2)*Vl 

6T 1  )•  V 2-  CCOST2*(COTT1-X2*V1*CSCT1)  *SINT2)*G T1 

CV1>C0TT1+GT1V)»CSCT1*STNT2»V1 

E _ 

)/THETH»  .LE.EPS)GO  TO  1C5 


) 

;scTi 

l*thftai 

»V1*CSCT1I 


r 


PROGRAM  GENT  74/74  OPT*l 


FTN  4. 6*452 


1 


5 


10 


15 


20 


25 


30 


35 


40 


45 


50 


C 

C 

C 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


c 

c 

c 

c 


c 


c 

c 


program  bent (INPUT, OUTPUT) 


program  bent  fAL(;ULATES  THE  EFFECT  OF 
A  TIUTEO  ACOUSTIC  BEAM  AT  RESONANCE  FOR  A 
N-PERIOC  SAW  TRANSDUCER 

LOCATED  A  DISTANCE  7  FROM  THE  GENERATING 

transducer  all  as  a  function  of  angle 


INPUT  VARIABLES  - 

VO  =  OIFFERFNCE  IK  HEIGHTS  OF  THE  XCUCER  CENTERS. 

OVALAP  =  yOUCER  APERTURE,  (METERS). 

NELEM  =  NUMBER  OF  FINGERS  IN  SFCONO  XOUCER 
OTHETA  =  ANGLE  INCREMENT  (DEGREES). 

NTHETA  =  NUMBER  OF  ANf-LES. 

LAMBPAO  =  WAVELENGTH  AT  RESONANCE. 

real  L, lambda, LAMBDAO, LOSS  (500), AN6LE(5f)0)  ,PLTID(3)  ,THFTER(500) 
DATA  PLTIO/30HS7ABO  X36d3  PROJECT  TILT 
DATA  PI/3.141592654/ 

NAMELIST  /PATER/YO, OVALAP, DTHE TA ,NTH ETA ,L AMBOA 0 ,NELEM 
CALL  FLTI03(PLTIO,100.,12.,1.0) 

ScT  UP  CEFAULTS  AND  READ  IN  iOATER  NAMELIST, 


Y0  =  0. 

OVALAF=50(J,E-6 
NELEM=6  05 
LAMeDAC=8.987E-6 
DTHET  A*.l 
NTHFTA=151 

read  CATER 
PRINT  OATFP 

LAHBOAsLAmbOAO 

LsOVALAP/LAHBOAC 

HlsLAMeOAO/4. 

THCM1*2.*M1 

TM0PIs2.*PI 

R2*TW0W1*(NELEM-1) 

DO  409  lYOsifll 

Y0*(lYC-l)*l.E-4 

V9*(ltC-l) 

PRINT  3 
PRINT  4, VC 


iiiiiMiiiibtii 


07/14 


i 


i 


1 


!•!  FTN  U.6*U52  07/14/78  11.31. 

r 

^,CU7PUT) 

I 

1 

Ilculates  the  effect  of 
[  BEAM  AT  resonance  FOR  A 
SOtTER 

t  7  FROM  THE  GENERATING 
pA  FUNCTION  OF  ANGLE 


CE  IK  heights  of  THF  XCUCER  CFNTERS. 

PEFTURE,  (METERS). 

F  FINGERS  IN  SFCONO  XOUCER 
CREMFNT  (DEGREES). 

F  ancles. 

TH  AT  RESONANCE. 

pOAOf LOSS  (50  0),  angle  (500)  ,PLTI0(3)  ,THETER(5  00) 

BO  X36dT  PROJECT  TILT 

54/ 

B,0VALAP, OTHETA,NTHETA,LAMBOAO,NeLEM 
100. ,12. ,1.3) 

i 

ftn  READ  IN  JOATER  NAMELIST, 


f 

i 

> 

I 


294 


PRINT  2 
VO«VO/LAMBDtO 

TILT  ANGLE  tTMET*>  LOOP  BEGINS  MERE. 


PROGRAP  BCNT 


7<i/T4  OPTxl 


FTN  4. 6*452 


,7/14/78  11  31  36 


DO  300  ITHETA*1,NTHET* 

THETAOx  (ITMETA-D’OTMETA 
TH£TA*THETA0*. 01745 329252 
SINTHxS IN (THETA) 

C0STH«CCS<THETA) 

PH1*TNOF1*OVALAP/LAM8CA*SIMTH 

BlGGlExL/COSTH 

SIGN>1. 

Al»  (V0-R2/2.  •SINTH-L/2.  ) /C0STM*L/2. 

C2aSINTH/2. 

SUM RsSU 71x0. 

IFIITMETA.EO.DGO  TO  250 

00  200  I«1.NELEM 
AI«A1*(I-1)*C2 

IF(ABS(AI) .GT.BI6GIE)G0  TO  230 

S16MA«1.-AI/L 

ARG«SI6MA*PH1 

SUNR«SUNR*SIGN«SIN(ARG) 

SUMI«SUFI*SIGN*(COS(ARG)-l.) 

SIGN«>SIGN 

200  continue 

P0NER»CCSTH/PHI**2*ISUNR*SUHR*SUMI*SUNI) 

PONER>-2fl.*AL06lO(PONER)«W 
PHASE *A  TAN (SUNl/SUMP) 

60  TO  209 

250  PONER>PNASExM«0. 

SI6N>1. 

00  278  I>1»NELEN 
AI«A1*(I-1)«C2 

IF(A8S(AI).GT.BIGGIE)G0  TO  278 
SI6NA«1.>AI/L 
N«N*SI6MSI6NA 
SIGN>-SIGN 
278  CONTINUE 

H>-20.*ALOG10(M*N) 

FILL  PLCT  BUFFERS  AND  PRINT  OUT  RESULTS. 

289  LOSSdTNETAXPONER 
AN6LC<ITHETA)*PHASE 
TM6TER(nMETA)«THETA0 
PNASE0>PNASE/ .01745329252 
300  PRINT  l*THrrAO,PONERtPHASEO 
PRINT  2 

PLCT  PONER  LOSS  AND  PHASE  SHIFT  VS.  TILT  ANGLE. 

CALL  OaPLOT(PLTIO,THETER|LOSS,NTHETA»10HTlLT  ANGLE ,10 »9HL0SS  (0B)» 
0  9f0#0) 

CALL  CQPLOT(PLT10,THETER,ANGLE»NTHETA»10HTUT  ANGLE.IO* 


MIHT  2 


VOaVO/LAMBMO 

tilt  angle  (theta>  loop  begins  here. 


■  NT  OPT»l  FTM  A.  ,7/1477  8  11  31  36  PAGE  2 


00  300  ITHET Asl.NTHETA 
TMETA(^  (ITHETA-1»*0TMETA 
TNcTAsTHETAO*. 01745320252 
SINTH>SIN(THETA) 

costh»ccs(theta» 

phi«tmopi*ovalap/lahbca*sinth 

biggie«l/costh 

SIGNsl. 

Al«  (Y0-R2/2.  •SINTM-L/2.  ) /C0STM»L/2. 

C2«SINTN/2. 

SUNRsSU7I«0. 

IPIITMETA.EO.DGO  to  250 

00  200  I«1|NELEM 
AI»A1*<1-1)*C2 

If (ABSIAI) .6T.BI66IE)60  TO  230 

SI6MA«1.-AI/L 

Ait6>SIGNA«PHI 

SUNN*  SUNK  ♦  SI  GN*  S I N  <  AR  6 1 

SUNIsSUfItSI6N*(C0S(AP6)*l«) 

S1GN«*SIGN 
IriO  CONTINUE 

P0NER«CCSTH/PHI**2*<SUNR*SUNR^SUNI*SUNII 

PONER«-2I.*AL0610(PONER)>M 

PNASEaA TAN (SUNI/SUMP) 

60  TO  209 

!S0  POMERaPNASE«H>0. 

SI6N«1. 

00  278  I«1»NELEN 
AI«A1«(1-1)*C2 

IFIABS(AI).GT.BIGGIE)GO  TO  278 
SI6HA«1.-AI/L 
INN«SI6N*S16MA 
SI6N*-SIGN 
78  CONTINUE 

N«>20**AL0610(H»N) 

PILL  PLCT  BUffEPS  AND  PRINT  OUT  RESULTS. 

§9  LOSSaTPETA)«PONER 
ANCLEIl  THETA). PHASE 
THCTERIHHETAXTHETAO 
PNASEO.PHASE/ .01745329252 
N  PRINT  l,THCTAO»POHERtPHASED 
PRINT  2 

PLCT  PONER  LOSS  AND  PHASE  SHIFT  VS.  TILT  ANGLE. 

CALL  IMfLOTfPLTIO,THETER»LOSS»HTHETAtlOHTILT  ANGLE »10 fSHLOSS  (OB), 

t  9«l,8) 

CALL  CQPLOT(PLT10,THETCR,AN6LE,NTHETA,10HTILT  ANGLE, lO, 


-- 


(  AMGl 

‘•f  ^ONTlMUf 

CALL  PPL  T 


c^n<;-»AK  nfNT  7*4/74  0Pr=i 


115  :  Po?“flT{7ri',2) 

?  rjO-AT*  1X?0(  *-*)  ) 

•»  Fr!R>'»''<*l*4X*Tw£TA*fy*L0SS*5x*oHflSE*> 
4  ro<;HAT(  JCV,  :i5.  f  ) 

I^r 


CAoa  SEvi^•ITv  Of  tails  0^  poopl:*^ 

23  I  SZA=''  X  MnLlTciTw  rCNSTANT  .r.T,  1'  CHARACTERS, 

EXCESS  oKAPACTEP*:  INITIAL12E0  INTO  SiJCCtE[:lNG  WOROS. 


SVMAPLIC  4fFrecK4pr  waP  (o  =  3) 

ENTPy  POINTS  Ot  F  LIN-  AEFr°ENrf5 

4134  SENT  1 


MISSION 
of 

Ram  Air  Development  Center 

WDC  pious  ani  txtcutu  oeseooc/i,  dtveJLopnznt,  teAt  ami 
selected  acqiiUUcon  pfiogAom  In  4^po/tt  Comnund,  Corvt/iot 
ConmuucatojM  and  InteZUgence  (C^l)  octcv-ctces .  Tichnieal 
omf  zngfMM/Ung  Auppoat  utUfUn  ooeos  tecJinccaC  competence 
<4  pfiootded  to  ESD  Ptogaam  OliiceA  (PO4)  and  oifeet  ESP 
eZementA,  The  pHtncipat  tecknicaJt  miAAton  aneoA  axe 
commni&ationA,  eteatfumagnetic,  guidance  and  contxot,  4uo- 
veUtance  o^  gxound  and  ae/toApace  obJectA,  tntetUgence  data 
cotteatlon  and  handtCng,  tnionmation  AyAtem  technology, 
tonoAphextc  p>Lopagatcon,  Aotid  a  tote  AcienceA,  micxotaave 
phyAtcA  and  etectaonlc  xetiabtUty,  nmintainabfJuty  and 
compatihttLty. 


